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CHAPTER I THE. PROBLEM 
Statement of the problem: 
Preparation of a laboratory course in related 
science for Weymouth Branch of Norfolk County Agricultural 
School, for use in the eleventh and twelfth grades. 
Source: 
Norfolk County Agricultural School maintains a branch 
school at Weymouth. This unit of some sixty students requires 
two full time instructors specifically trained in vocational 
agriculture. These same instructors, however, feel that 
their background and experience in the fillds of chamistry 
and physics are inadequate to present those subjects effi 
ciently in their program. Therefore, an instructor of the 
science dppartment of Weymouth High School, in whose physi 
cal building the branch agricultural school is also housed, 
is asked to teach a related course in agricultural chemistry, 
and, in alternate years, agricultural physics. The latter 
academic instructor, to further complicate ~he problem, is 
unfamiliar with the detailed agricultural implications of 
his respective subjects. Courses given, up to the present, 
have been inadequate in practical application. It is 
therefore advisable that some supplementary material be 
found to fill this need. By use of carefully timed and 
pointedly applicable experiments, either the scientifically 
,:_untrained but capable agricultural instructor, or the 
agriculturally untrained but capable seientific instructor 
may establish the necessary close relationship between 
theory and practice. These experiments can be successful 
only to that degree in which they conform to the following 
requisites: 
1· The experiment subjects must be so carefully timed 
as to coincide exactly with current agricultural class and 
practice subject matter. This requisite therefore presents 
two essential restrictionst 
a. The academic and agricultural instructors should hold 
daily conferences, however brief, to enable progress adjust 
menta and schedule planning. 
b. The experiments should be independently separable, 
so that order of preparation and use may be changed or adjusted 
at will, without dependence upon sequence. 
2• The subject matter of the experiments must be suffi-
ciently interesting to both the instructor and the student 
to create that necessary personal drive to apply this 
material to the exclusion of other distracting subjects. 
This requirement may be realized by taking advantage of three 
subordinate facts: 
a. Both the instructor and the student are inherently 
curious. 
b. Both will enjoy an application which 
evidently really works. 
c. Both will be so fascinated by an experiment 
which is so directly applicable to their own real problems 
that such study is no longer work but play. 
3• The experiments must be simple and easily demon -
strable. Any experiment leading to a controversial 
result is not suitable in such an abbreviated course. The 
choice of materials should include a minimum of especially 
designed scientific apparatus, but should utilize a maxi -
mum of materials so readily obtainable that the student may 
get ahead of the class by performing any or all at home. 
Incidentally, if the experiment be properly written, the 
student will perform it ahead of time j he will not wait 
for a prescribed class exercise period. This last fact 
imposes a particularly strict responsibility upon the 
initial experiments in the group, since, if those he tries 
f'irst be easy . t o work, directly applicable and absorbingly 
interesting, he will continue in the experimentation with 
out regard to time. This principal criterion of student 
interest thus becomes a challenge to the writer as well as 
the standard of evaluation of this or any other course of 
material. 
Justification . 
Graduates of this school need a program of practical 
science for two basic reasons : 
a. Those boys preparing for a direct application to 
farm life need and appreciate experience in practical 
techniques. Indeed, such techniques may well be the most 
important, if -not the only retained learning of their 
entire curriculum values obtained in an education for 
actual living. 
b. Those boys, today numbering about 12% who are pre-
paring for further education in college must now arrange for 
tutoring or similar special preliminary make up classes, 
since all colleges, agricultural, vocational and liberal 
art implicitly demand speed and content as prerequisites 
in their course and in entrance requirements explicitly 
ask for more chemistry and physics than can be given in 
the general science program. At present, considerable 
botany is presented integrally with horticulture. Some 
general science at the 9th and 10th grade level is presented. 
This latter course is of basic type and only of background 
nature. Actual experiences of students in this school show 
an increasing need of experimental application and exper-
ience in related chemistry and physics. 
The Weymouth Branch of the Norfolk County Agricultural 
-
School is unique. Other county agricultural school in 
Massachusetts maintain only one physical plant. Norfolk 
County maintains its principal division at Walpole where 
·-
larger numbers of students Justify a full time science 
instructor. At the Weymouth branch the limited number of 
students correspondi,ngly limits the size of the instructor 
staff, precluding special subJect instructors, and permitting 
only t~o, general subJect, full-time instructors. Thus, 
the burden of correlated science instruction must be borne 
by part-time and non-.ag;riculturally trained science in-
structors of the adJoining Weymou.th High School. 
The practical emphasis and increased unders tanding 
possible under a course of experimental science would 
appreciably fortify the present classroom instructors. 
These men are sincerely devoted to student application, as 
evidenced by the fact that they spend large amounts of their 
own outside time in visiting, devising, encouraging and 
cooperating with home proJects of both scientific and 
non-scientific nature. Evidently then, their program can 
bo t h be implemented and fortified by further cooperation 
and applications in science proJects • 
. The need of organized materials and applications in this 
field is indicated in the following unpublished theses in 
the Boston University School of Education Library, among 
others : 
L1 
Kraske in his recommendations, admits the need of 
organization of his mass of material. He further emphasizes 
the nee d f or continuous revision of rela t ed scienoe J a ·b 
leas t each f'e1-1 years. 
1 . Kraske , A. R~lated Science f or Agricultural S t udents, 
. Ed . M. 1927, B. u. School of Educa t ion. Unpub l ished 
t hesis. 
t2 Ra.nca.tore deplores present classroom harangues 
and cites the need for relating chemistry to daily life. 
Q 
Richardson presents a. series of home-made demonstra.-
tions enabling home or crudely made apparatus to show the 
desired principle. Ee both states and continually infers 
that his experiments are not all inclusive. This technique 
can be admirably used in the field of agricultural science. 
L4 Reed confirms the primary need for and major importance 
of experimental applications a.s a satisfactory approach 
to agricultural science teaching. 
Scope. 
This course will be planned to satisfy a requirement of 
the Weymouth Branch of the Norfolk County Agricultural 
School. Although the experiements, in both type and con-
tent, may be found useful in other areas, the requirements 
of time allotted, space and equipment available, a.nd timing 
of subject schedules are specifically treated for this 
Weymouth branch. 
The small amount of student time available for this 
program makes necessary a careful evaluation of the impor-
ta.nce of each topic. The selection has been made a.s 
2· Ranca.tore, M. E. Chemistry in the Daily Life 
Ed. M. 1935, B. u. School of Education Unpublished 
thesis. _ 
3· Richardson, E. c. Home Made Apparatus for Science 
Demonstrations, · 
Ed. M. 1936, B. u. School of Education Unpublished 
Thesis. 
4• Reed, s. Vocational Science 
Ed. M. 1950 Thesis now in progress of completion at 
B. U. 
critically as possible, compromising subject matter with 
time only to include necessary detail. 
The course provides only a generalized answer to a 
multitude of very real student problems and questions. 
Thua, an ideal application of this course is to encourage 
a discussion of detailed and specific student farm problems, 
then arranging and adapting the course material both to 
stimulate further thinking along the suggested line and, 
at the same time, to demonstrate the scientific practical 
problem attitude and approach. 
Thus, the course is not intended as a complete or com-
prehensive course in chemistry or physics. It is an 
illustrative technique to establish more firmly certain 
basic scientific principles, to awaken a scientific interest 
and curiosity in the many regularly observed phenomena 
intimately connected with the most efficient conservation . 
of our natural resources, to maintain high standards of 
public health, arid to recognize best techniques f'or personal 
safety. 
·Treatment :o·:r Data 
Timing. 
Both the arrangement and the selection of' experimental 
material have been made in accordance with a time schedule 
of · subJect matter a .s now taught in the public branch school. 
This brief outline fol~ows: 
Junior Year 
Animal Husbandry and Dairying 
Farm Management 
Farm Mechanics 
Floriculture 
Market Gardening 
Senior .Year 
Animal Husbandry 
Landscape Gardening 
Orcharding 
Summer Project 
Phys. Education 
Summer l>roject 
English 
Mech. Drawing 
l>hys. Education 
l>oultry Husbandry 
American History 
Civics 
Soils and Crops 
English 
Farm Building Plans 
The entire contents of this paper have been checked for 
accuracy and suitability by Mr. Hilmar s. Nelson, Director 
ot the Weymouth Branch School, to whom the writer is greatly 
indebted for both constructive suggestions and friendly 
cooperation over many years of happy association. 
The availability of laboratory space and materials 
necessary for the experiments used herein, have been checked 
by Mr. Clarence R. Lyond, Head of the Science Department of 
the Weymouth High School, to whom the writer gratefully 
acknowledges his appreciation not only for the cooperation 
on this paper, as indicated above, but also for the cordial 
fellowship enjoyed for may years at Weymouth High School. 
The approach to this course is intended tor the normal 
or 100 IQ student. Many people assume that the agricultural 
student is below the average IQ. According to a study 
made by Kraska (see ~age 9 of . this paper) at the Essex 
County Agricultural School, using the same tests for both, 
the level of intelligence for the high school chosen for 
the test was 105, while the same test on the total populati~n 
of Essex County agricultural students yielded an 109 average. 
He therefore concluded that the plaaning with agricultural 
students involves consideration of attitudes and specific 
interests rather than of intelligence. Thus the differences 
in agricultural teaching accentuate a concern for the real 
problems of living, rather than the abstractions of a more 
theoretical training, and are not at all concerned with 
variations in level of intelligence. 
The content and scope of this course is in accordance 
with requirements imposed by the State of Massachusetts and 
Federal departments of Education, and agrees with generally 
accepted practices in similar schools and departments in the 
States of Ohio, Illinois, New York and New Hampshire. 
Brochures from each state were used in selecting, evaluating 
and organizing the included materials. 
Materials have been organized into two series of exper-
iments, each of twenty weekly experiments comprising one 
double period of one and one half hours. One series of 
twenty is classified as Chemistry and is given on alternate 
years with the other similar series in Physics. The course 
-· 
is limited to twenty weeks to conform to the available 
classroom time. Particularly in the last two years of 
this agricultural school, students enJ07 an increasing 
proportion of their total training in actual on-the-Job 
experiences. Thus, from September through late October, 
the student spends much of his time actually on the farm. 
From late October through March, he spends most ot his 
training time in the school classroom and it is during 
this period that this course of experiments must be 
concentrated. From April through the summer he is again 
learning through practice on the farm itself. 
During the latter summer period, there is ideal op-
portunity to pursue related science in a highly practical 
manner. For this reason, although technically more nearly 
biolog7 than chemistr7 or physics, a briefly indicated 
summer program of observation Qf nature is included for 
use following his junior year only. 
CHAPTER II EXPERIMENTS IN CHEMISTRY 
Introduction. 
The following series of twenty experiments in agricul-
tural chemistry is designed for use, one each week, during 
the Junior year or 11th grade. The order of experiments 
is planned to coincide with the order of presentation and 
rate of progress through subJect matter in the published 
course of study at Weymouth Branch of Norfolk County 
Agricultural School. 
The instructor should feel tree to rearrange the order 
ot, omit, or add to the experiments as he wishes. Such a 
flexibility of presentation is possible since no experiment 
depends upon any previous experiment. The subJects may, 
therefore, be considered separably and in any desired order. 
Many of the experiments are merely thought-provoking 
overviews of the basic principles concerned, and as such, 
will assume that considerable class discussion and/or in-
structor lecturing will accompany these outlines. One pur-
pose of the inclusion of such material is to stimulate 
interest in recognition of practical applications of these 
principles in life situations, but the detailed explanations 
of the principles and their applications must necessarily 
be made by the instructor, who, it is hoped, will adapt his 
explanations to the specific problems arising among his 
students. 
Rela tfng Piant St .ru;o:-tu-r·&s : 't'O 1-Pr i :nd·ip:le"s ·· o·f Stora;ge 
. ' -
Point. To show how cells may be protected from damage by 
proper principles of both common-and cold-storage. 
Explanation. All plants grow by absorbing solutions from 
the soil. The active matter of these solutions then seeps 
through cell walls throughout the entire plant, and, by 
action of sunlight and suitable catalytic agents, is changed 
to food material for the cells themselves. Since water 
expands when it freezes, it can be readily understood that 
freezing of vegetables of any type destroys the solidity 
of that vegetable, as the liquid in each cell in freezing, 
expands. The cell bursts and thereby destroys the entire 
structure of the vegetable. One important point should be 
noticed. ~ure water freezes at just 32o F. or 0 Centigrade, 
but any material dissolved in the water makes it necessary 
for a temperature lower than that for freezing conditions, 
therefore, all vegetables require lower than 32o F. to 
freeze them. Suitable protection may be obtained using 
this principle because vegetable cellars containing large 
buckets of water are moderately safe even under sub-freezing 
temperatures, if the water in the buckets is maintained as 
such. Eighty calories of heat per gram of water must be 
given off before this water can change to ice. 
~Storage~ assumes cool conditions for the exclusion of 
bacterial action. Nearly any decay or spoiling occurs 
because chemical or bacterial changes take place in the 
material. Either of these actions takes place more rapidly 
with the aid of heat hence to keep deterioration at a mini-
mum, the temperature should be as low as conveniently possible. 
Freezing the material is sometimes used. This does not kill 
the bacteria, but simply produces such temperatures that their 
growth becomes very slow. Obviously, freezing is not possible 
for some materials without destroying the actual structure 
of those materials. If kept sufficiently cold, nearly any 
material will be preserved indefinitely. For example, milk 
samples have been maintained in excellent condition on Arctic 
trips for as long as nine months, at the end of which time 
the milk was entirely fresh and sweet. 
Chemical; action takes place more rapidly in solution than 
when dry, which fact can be used to advantage in many cases 
of storage. You will recognize that all flowers are kept in 
water for preservation. Should the flower be stored dry, the 
small amount of liquid present would soon evaporate, leaving 
the fibers dry, and the flower wilts. Supplying sufficient 
moisture maintains the solution throughout all the cells 
enabling the proper transfer of food for a continuance of 
life. Some vegetables should be stored wet and others dry 
for this very reason. For example, potatoes should be stored 
dry because moisture causes growth and corresponding sprouting, 
which results in a loss of food value from the bulb of the 
potato to the stalk. As a general statement, bulbous vege-
tables like potatoes, turnips, beets, carrots, parsnips, 
etc., should be stored dry, while leafy vegetables like 
lettuce, cabbage and celery, which have food value entirely 
above the root, should be stored moist. 
Since all plants absorb food by drinking, only the 
soluble materials of the soil are useful. Just as a per-
son!s health is damaged by too much of any one type of food, 
and not enough of a second class, so also may a plant be 
injured by improper proportions of plant foods. It is, 
therefore, wise to study the composition and nutrition of the 
particular plant concerned before applying fertilizers at 
random or in excessive amounts. 
Pressure causes heat and, therefore, in ~ ·packing any 
vegetable or fruit for storage as little pressure should be 
produced as possible. For example, two apples packed tightly 
together will cause rotting due to the pressure, while similar 
apples packed loosely at the same room temperature may evi-
dence no rotting action. Some bacterial action may be 
eliminated by proper circulation of air through the packed 
material, and in most cases, such ventilation should be planned 
carefully. Oxygen present in the air is an active element and 
' 
burns bacteria by circulating air properly through a storage 
space. Fresh oxygen is brought in contact with the surface 
continually, thus insuring more protection than in a confined 
space where the air soon loses its active component and also 
becomes war m and stagnant . In the case of a very few materials, 
notably eggs, this oxidation becomes a . detr~ent. An egg-
shell is so porous that the oxygen acts not only on the 
bacteria on the surface but also on the egg matter within 
the shell, thus causing decay. For that reason, eggs are 
preserved by coating the shell with some substance w.hich 
will exclude air. The general procedure is to immerse the 
egg entirely in a sticky solution, generally water glass, 
Sodium Silicate. 
Procedure. 
Examine a piece of leaf structure under the microscope, 
and make a sketch in your notebook, showing detail of both 
the green cells and the circulatory systems. 
Similarly, sketch bits of root structure. Explain the 
reason for the difference in appearance. 
Place a portion of a leaf in a test tube, adding about 
10 c.c. of alcohol and allow to stand for a few minutes. 
Pour off the alcohol and take out the leaf. This procedure 
allows the capillary tubes to be readily seen, illustrating 
the network by which food is distributed through the leaf. 
Working in two groups, set up the osmosis demonstration 
as directed by your instructor. U•e for one, a sugar solu-
·-
tion inside with water outside, and for the other, use 
molasses inside and salt water outside. Note the relation 
between the size of particles of solubles to the ease and 
direction of passage of materials through a membrane. 
Make a general statement in your notes, showing the 
relation in this experiment to the absorption of foods 
through roots and capillaries of plants. 
~oint. To show how ground contours affect the flow of water. 
Explanation. In planning any permanent position, two points 
should be considered. First, a supply of pure running water, 
and secondly, suitable drainage at sufficient distance to 
prevent contamination by wastes of that drinking water. Due 
to the law of gravity water runs down hill. Not only is 
this true on the surface of the ground, but it takes place 
through the several layers below the surface. General rules 
for obtaining safe water will be classed in three divisions. 
~ond supply. Pond supply safety consists in digging a 
well 100 feet or more from the edge of some moderately pure 
fresh water pond. Assuming sandy soil is in that locality, 
we find no further purification methods will be needed. 
Assuming loam conditions 1 we know the well should be dug 
deeper than necessary, walled in with rock, and covered on 
the bottom with a. few feet of this sand. Obviously, in 
this method, the sand particles filter out solid impurities 
in the water as it seeps through from the pond. 
Spring supply. Many veins of water-carrying rock or 
shales are folded in the earth's crust so that they may 
easily carry water miles under ground and even over slight 
hills. To locate such a supply, some spring must be found. 
In case a spring-fed lake is located in a hollow 1 drilling 
on any slope toward that lake will generally produce a 
s~ring when the drill has cut through to the proper layer. 
It a spring is discovered on the lower slope of a hill, 
that same spring may be utilized further up at any distance 
on that same slope. It will be noticed that in the two 
former cases any water produced will be, in general, safe 
for drinking purposes, as it will have travelled a long 
enough distance to be purfied by that filtration. Every 
spring should be maintained in a running condition1 that is, 
an outlet should be provided so that there will be continual 
motion in the supply pool. 
Stream supply. Collecting water from a brook or stream 
for drinking use is the poorest of the ways listed unless 
that stream is shallow, rocky, and fast-running, in which 
t1 
case a few miles will purify almost any natural.materials. 
In planning the position of drains for sewage or similar 
wastes, natural folds in the ground should be taken into 
consideration. Therefore, the cesspool or drain opening 
should be, if possible, on the opposite side from the water 
supply on a ridge, however slight, so that in seeping 
through the ground the drainage water will not be mixed with 
the surface water flowing into the drinking supply. When 
there are buildings along a stream, obviously, the drinking 
water should be taken from above, while the discard outlet 
should be below on the stream. Summarizing these points it 
is noted building should be placed on a ridge, suitable 
drinking-water supply on one side with drainage toward the 
other, or on a swiftly moving stream, where supply is from 
J. Ryan ~ater Treatment and Purification~, Pg.245 McGraw 
Rill, 1946 
above and discard below on that stream. 
In case of a river source, the position of intake for 
this supply should be so placed that the source will be 
cool. Contrary to the condition in the case of solids in 
water, cold water will dissolve more oxygen than warm water 
and does so readily and automatically. Since impurities, 
both living and inanimate, are oxidized by the dissolved 
oxygen to become dead and ineffective, colder water is 
always safer for drinking than warmer, even from the same 
stream. 
Procedure. 
Working as a class, heat a beakerful of dilute Ammonium 
Hydroxide, NR40H, noting the effect in the strength of the 
odor as the heating progresses. Explain why any glass of 
cold water becomes covered with bubbles on the inside when 
being warmed by standing in the sunlight. 
Pour about 10 c.c. of the highly turbid water into a 
funnel, in which there is some filtering material; charcoal 
or sand, or both. Examine the liquid coming through, and 
report the degree of success of your method. This principle, 
used with alternating layers of sand and charcoal in a 
barrel, is often used to purify the farm supply. 
Now take 10 c.c. of Sodium Chloride, common salt, solu-
.. 
tion and pour this through the sand or charcoal filter, as 
before. Test the resulting liquid by taste for the presence 
ot salt. Does filtration remove all materials? 
Make a general statement indicating what classes of 
material you think are removed by filtering and what classes 
are unaffected. 
Testing Dr:tnking Waters 
Point. To determine the purity of an unknown water 
supply, and to learn what factors are important regarding 
this purity. 
Explanation. Good water cannot be recognized from. poor 
water by sight alone. Many excellent supplies are ~pure~ 
even though highly colored or containing large amounts of 
dissolved minerals. In some eases it is even better to have 
minerals present than not. Thus, you notice the word ~pure~ 
in relation to water is indefinite and simply means safe . 
or good drinking water. One cannot judge a supply by 
drinking some and then noting effects, as any change of 
drinking water often disturbs the system until the body 
adjusts itself to this new type of water. Hence, persons 
travelling may often become ill by a good water supply simply 
because it is different. Several simple tests are possible, 
which will quickly show dangerous conditions in a suspected 
source. 
Ammonia is produced by the action of most bacteria. 
Therefore, if drinking water contains any ammonia, pollution 
is present and the supply is unsafe for use. To test for 
ammonia, ~dd to 1Qc.e. of water a few drops of Nessler's 
solution. Examine the tube against a white surface. The 
formation of any orange or brown precipitate indicates an 
unsafe amount of ammonia present. 
Acidity is the amount of acid in water, indicating possible 
contamination by sewage. Two methods may be used to 
quickly identify this material. Neutral or blue litmus 
paper should not turn red in good drinking water. Solltex 
or your so~l testing equipment of any make may also be used 
in determining this factor. A pH reading of less than 
5·5 indicates water not suitable, in general, for drinking. 
Procedure. Test a sample of tap water for both ammonia 
and acidity as explained above 1 reporting your resul·ts in 
your record. 
Examine the sample of untreated water under the micro-
scope and sketch the organisms you see. Now examine samples 
of good drinking water carefully, using as high a power of 
the microscope as obtainable, and sketch. the material present 
there. Explain why a highly-colored natural water may be as 
good for drinking as is a more highly purified, colorless 
sample. 
Hard Waters 
Put one gram of powdered Calcium Sulphate in a flask 
containing about 100 c.c. of water. Shake thoroughly and 
filter. The filtrate is permanently hard water. Rub a 
little between thumb and finger. 
1. Result. 
To a test tube one-half full of permanently hard water 
add 5 drops of soap solution. Shake the tube vigorously. 
2· Explain why suds do not form. 
To a te~t tube one-half full of tap water, add 5 drops 
of the soap solution. Shake the tube. 
3· Result. 
4• Compare the results with those obtained with the 
hard water and soap. 
Continue adding soap to the tube containing hard water, 
one drop at a time until · suds are formed. 
5· Can soap be used to soften hard water? 
6· Why do laundries soften hard water before using it 
for washing purposes1 
To another test tube one-half full of permanently hard 
water, add some sodium carbonate solution, one drop at 
a time as long as S¥ precipitate forms. Shake the tube 
after adding each drop and allow the pr~cipitate to settle. 
Filter the contents of the tube, and test the filtrate 
with soap solution for hardness as before. 
7~ Does sodium carbonate · soften permanently hard water? 
Fill a test tube one-half full of lime water, Calcium 
Hydroxide, and bubble your breath through it by means of a 
glass tube until a white precipitate forms. Your breath 
contains Carbon Dioxide which is dissolving in the water to 
form Hydrogen Carbonate, a weak acid. Continue to pass in 
Carbon Dioxide until the original white precipitate forming 
gradually redissolves. Your solution now contains Calcium 
Bicarbonate and is c~lled temporarily hard water. 
Divide this liquid in three parts. To the first part, 
add two or three drops of soap solution and shake the 
tube. Result. 
Gently boil a second portion of the temporarily hard 
water. Now test the remaining liquid for hardness with 
soap solution, as be.fore. Is the solution still hard 
water! 
To the third portion of temporarily hard water, add 
either lime water or sodium carbonate, drop by drop, until 
there is no further precipitation. Filter this liquid, and 
test the filtra t e for hardness with soap solution. S t ate 
two reasons why hard wa te r would be an advantage to the 
farmer, and two other reasons why the hard wa t er would be 
a disadvantage to the same farmer. 
So:!,], Fert+l~ty 
Point. To measure those factors in soil essential to 
good plant growth. 
Directions. Many indicators are available for pH measure-
ments, ranging f'rom _pl! l· very acid, to 13, very alkaline 
or basic. If' your own soil sample does, not fall within the 
limits of' either of' the indicators mentioned, ask your 
instructor f'or others. 
Explanation. Most plants require balanced diets of air, 
water, light, nitrogen, phosphorus, potassium and other 
minor but essential elements, e.g. Ca, Fe, Mg, and I. Beach 
sand and most clays contain little if any N, P, or K, hence 
are ~'sterile~. Loams do ·contain organic compounds broken 
down by weathering and are rich in these latter elements in 
soluble form. The science of' hydroponics has developed from 
the need to enrich sterile sand with soluble chemicals to 
produce a proper plant growth medium. 
Procedure. Moisture ••• Weigh out exactly 10 gr. of soil to 
be tested in a 50 c.c. beaker. ~lace the beaker with the 
sample in the drying oven at 105c. for overnight. Weigh 
again. The difference is due in major proportion to moisture. 
1· How does this soil compare with normal? 
2· How does tillage affect the moisture content of' soil? 
3· Should tilling be done before or after a rain ? 
Acidity ••• Each plant requires slightly different acidity or 
pH conditions for optimum growth. Consult any text to 
determine what pH is best for the crop you select for 
growth in this soil. Place a ~'pinch~ of soil on a test 
plate, pour a few c.c. of pH indicator on it, and tip the 
plate to allow the clear fluid to drain into the lower 
depression. Compare the color to standards. To a fresh 
soil sample add 1/2 gram of powdered limestone, stir or 
grind thoroughly, and, placing this sample on a new test 
plate spot, add indicator as before, noting the difference 
in pH reading. Indicators used may be ~hlorphenol red, 
pH 5·2 to 6·8 or Bromthymolblue, ph 6·8 to 7•6• 
4• Knowing that the soil is tilled to an effective 
depth of 9~, explain how the amount of needed lime can be 
computed. 
Nitrate nitrogen ••• When most bacteria grow, they give off 
ammonia. Leafy matter decomposes to give nitrates. Human 
wastes contain nitrites and nitrates. In the presence of 
air, nitrites quickly oxidize to form nitrates. Nitrogen 
compounds are particularly useful in leaf growth, i. e. 
lettuce and chard. 
Using a soil test kit, fill a test tube to the first 
mark with soil. Add solution A to the next mark. Shake 
thoroughly and pour off the clear liquid into a second tube. 
Add solution B to the mark and let stand fo~ a few minutes. 
Compare the color formed to available standards. 
5· Test samples for nitrogen a. Horse manure. b. Chicken 
manure. Which is the richer in soluble nitrate~ 
6· Why is Sodium Nitrate added to a spinch bed? 
~hosphorus as soluble phosphates ••• Normal calcium phos-
phates are not soluble in water. Since all plants gain 
their food only through solutions, these phosphates must 
be in soluble or available form. Commercially, this is 
done by adding sulphuric acid to the phosphate rock making 
soluble ~superphosphate~. Phosphate compounds are parti-
cularly useful in root growth of such vegetable~ as beets, 
turnips, and potatoes. 
Pour a few c.c. of water over a sample of soil. Stir 
and pour off the clearer liquid into a test tube. To this 
liquid add 5 c.c. of Ammonium Molybdate solution and a few 
drops of concentrated Nitric Acid. Warm slightly. The 
depth of color produced is an indication of t he amount of 
soluble phosphates present. 
7• Explain the meaning of 5,5,3 as printed in large 
figures on the bag of a commercial fertilizer. 
Potassium •••• Since almost all potassium compounds are 
soluble in water, a satisfactory test for this element is 
only approximate. Potassium salts are particularly useful 
in stem or stalk growth as found in celery and asparagus. 
Pour a few c.c. of water over a sample of soil. Stir and 
pour off the clearer liquid into a test tube. To this 
liquid, add 5·5•c• of Sodium cobaltinitrite solution and let 
stand for a few minutes. The depth of color of the amount 
of precipitate if K is in large amounts, is an indication of 
potassium. 
8· Test samples for potassium: 
a. Crushed celery stalk 
b. Crushed tomato. 
Which has more! 
g. Why is rotation of' crops effective and advisable~ 
RydDotysts of ~nd .Buf'f'ers .in Fe.r 'tili-zer 
Point. To determine why many normal salts may give peculiar 
reactions with litmus when in water solution. 
Directions. Be sure each container is thoroughly rinsed 
before adding the salt to be tested~ In testing materials 
by litmus paper, it is easier and uses less litmus paper, to 
touch a drop of the liquid to be tested by means of a glass 
rod to the test paper, rather than to immerse the whole strip 
of test paper. Use both red and blue litmus to insure 
accuracy. 
Explanation. Although water does not ionize readily to any 
great extent, any salt on being dissolved tends to partially 
break up forming the acid and base from which the salt was 
originally formed. Since not all acids ionize to the same 
extent, nor do they ionize proportionally to their correspond-
ing bases, there is often a difference in the strength of 
the a c id and base formed by the solution of a normal salt. 
This difference in strength, apparent only in solution, 
explains the tests obtained in this experiment, and should 
the solution be evaporated to dryness, it should be clearly 
understood that there would remain no acid and no base. 
~rocedure. Add a pinch of Sodium Nitrate, used for spinach 
beds, to 5• c.c. of water. Shake until dissolved and then 
test with litmus papers. 
1. Is the solution acidic, basic or neutral? 
In a. similar way, using separate or thoroughly rinsed 
each time, test: 
a. Alum, aluminum sulphate, used for rhododendrons. 
2· :Reaction. 
b. Soda, sodium carbonate, washing soda, soda ash, used 
for acid soil. 
3· :Reaction. 
c. Sal ammoniac, ammonium chloride. 
4• :Reaction. 
Now try samples of fertilizers, both animal and commercial, 
reporting your results. 
5· Explain why a soil at proper pH might have to be again 
corrected for acidity after application of a fertilizer. 
Use of buffers in soils •• 
In separate test tubes, place 10 c.c. of Sodium Chloride 
solution and Sodium Acetate solution. Test each with litmus 
paper. 
6· :Result. 
Now, add one drop of dilute Hydrochloric acid to each. Stir 
and test each again with litmus paper. 
7• :Result. 
Now add a second drop of dilute HC1 to each. Stir and again 
test each with litmus paper. 
8· :Result. 
g. Explain why Sodium Acetate and any similar buffer might 
be used in addition to a commercial fertilizer in soil treatment. 
Ma ter-fa1s o·f . Constr.uotion ·. 
Point. To determine the properties of several materials 
of construction. 
Directions. In filling the containers with paste, try to 
use as nearly the same depth of material in all oases, so 
that proper comparisons can be made later as to their 
relative strengths. In making up sample ~c~, make this 
paste last, and cast it immediately after mixing in water. 
Explanation. Man has successfully built for thousands of 
years with formable pastes which will harden by varying 
means into solid masses. Early workers used clays which 
were baked by : 
a. Sun to form adobe. 
b. By kiln to form brick. 
Later workers used silicates dehydrated by heat leaving 
cement which would recombine with water to form concrete. 
Gypsum (calcium sulphate) is somewhat similar to this class. 
In nature it is CaS04.2H20j when heated it becomes CaS04.1/2H20. 
This latter powder will recombine with water to crystallize 
into the harder original gypsum we call Plaster of Paris. 
Concrete and Plaster of Paris differ, however, in one impor-
tant property, as will be seen in the following experiment. 
Plaster is slaked lime with sand and hair for binding material. 
Mortar is plaster with some cement added. 
Procedure. Make mixtures as follows: 
A. 1 part cement with 1 part sand, plus water for thick paste. 
B. 1 part s1aked 1ime with 1 part sand p1us water for paste. 
c. P1aster of Paris, with water to make a thin paste. 
Remember to work rapid1y from this point on, until the 
Plaster o:f Paris has been poured into its three casts. Using 
9 circular covers or tin-can covers, place mixture A in three, 
mixture B in three and mixture C in the last three. Now, place 
one each o:f A, B, and C under water in a shallow tray. Place 
one each o:f A, B, and C under a bell Jar in which is a beaker 
of ganger ale. Leave the last three samples in air at room 
temperature. After 5 minutes have elapsed, test the solidity 
of each o:f the nine samples with a pencil and grade them in 
speed o:f solidifying. 
Repeat this test for solidity after one hour, recording your 
resu1ts. 
1. Did any samples harden under water? 
2· What samp1es :failed to harden under water? 
3· Did the presence o:f ginger ale hasten the hardening 
of any samples~ 
4• Which samples hardened beat in open air? 
Tear away the cardboard container from a hardened sample 
of each o:f the three and test for ease o:f breakage by bending. 
5· Rate the samples in order o:f strength. 
6· Rate the samples in order of speed of hardening. 
7• Why are open :fires often built in new1y-p1astered 
houses? 
Metals 
~oint. To investigate methods and effects of tempering, 
hardening, and working with metals. 
Directions. When heating the samples hold them in such a 
position that all of the wire or sample will become hot. 
The acids and fluxes used in this experiment are corrosive 
and will cause holes to appear if spilled on clothing. In 
soldering, care should be placed on preparing the two 
surfaces to be joined rather than on the physical amount of 
solder, since two clean surfaces will form a strong bond 
with ease and a surprisingly small amount of solder. 
Useful facts for soldering ••• 
1. Have both surfaces clean. 
2· Use proper type of flux for the specific type of metals 
in 9uestion. 
3• Coat each surface with solder separately, before touching 
together. 
4• Use as little solder as conveniently possible, both for 
strength and appearance. 
5· Have both surfaces equally hot when joined. 
6· Do not attempt to reheat and move the joint, once made. 
If change is needed, separate the two surfaces completely, 
reclean those surfaces and proceed as if a new joint is to 
be made. 
Explanation. Metals are hard or soft in relation to the 
size of their crystalline structure. Metals chilled 
rapidly form large numbers of tiny crystals which are more 
rigid than those produced by large crystals formed on slow 
cooling. Metals can be reheated and reworked an unlimited 
number of times. Most soldering fluxes are corrosive and 
work by cleaning the metal surfaces of the thin coatings of 
oxides, allowing the two pure liquid metals to intermix at 
the junction face. 
~rocedure. Hardening. 
Bend a piece of copper wire in your fingers. Continue to 
bend it back and forth at the same point. 
1· Does this become easier or harderr 
This process, called work-hardening also produces other 
effects. 
2· What do you notice at the point of bending in: 
a. Temperature1 
b. Color 7 
c. Physical appearance of the surface~ 
By tongs, hold a second piece of copper wire in the flame 
of the Bunsen burner until the entire wire is yellow hot. 
Now, plunge it suddenly into cold water. After a few seconds 
withdraw and again test it for hardness by bending. 
1 3· What has happened. 
Tempering. 
Heat this same wire to redness again and quickly press it 
between two sheets of asbestos paper on the desk. After 
several minutes remove the wire and test for hardness by 
bending. 
4• What change has taken place! 
Heat a steel sewing needle in the flame, and, placing 
it between your sheets of asbestos on the desk, allow it 
to cool slowly. Test it for hardness by bending. 
5· What effect does slow cooling have upon hardness? 
Soldering. 
Using in turn, acid flux, rosin flux and Sodium Borate flux, 
solder pieces of copper wire together . 
6 • Which type flux is best for copper ~ 
Using these same fluxes, solder pieces of iron wire. 
7• What differences do you observe~ 
8· Which type of flux is best for iron? 
.< I 
Solu.:&:ion~ ,. · su:s.pensi'ons. and Co~~oids .. 
Point. To compare true solutions with suspensions and 
with colloidal suspensions 1 and to determine the products 
obtained when wood is heated in the absence of air. 
Directions. The soft glass tube used for this distillation 
can be cleaned only by heat~ng it strongly with the 
oxidizing flame of' the burner. Under such conditions 1 car-
bon deposited in the tube can be gradually driven toward 
the mouth by continued heating. There is no solvent for 
the discoloration. 
Explanation . Since the human body is well over 80~ water1 
nearly everything absorbed in the system must be done in the 
form of' a liquid. To this end1 liquids are drunk as solu-
tions 1 and solid foods are ground in the mouth and mixed 
with saliva to form suspensions. Common medicines are 
nearly always suspensions or colloids. 
The use of' destructive distillation is becoming more 
and more important1 as recently the production of aniline 
colors from coal tar has assumed important proportions. 
Procedure. Solutions. 
Hold a test tube of Sodium Chloride solution up to the 
light. 
1· Does it appear milky? 
2· Can you see any particles? 
Suspensions. 
Stir a pinch of Calcium Carbonate 1 ground 11mestone 1 
II • 
powder in 20 c.c. of water and examine in the same way. 
3· Can you see the particles? 
4· Are the particles in a suspension larger or smaller 
than the particles in a true solution1 
5· In this suspension, which settles more rapidly, large 
or small particles? 
6· How would you prepare a good suspension of dirt in 
water? 
Colloids. 
Stir one gram of cornstarch in 20 c.c. of water. Heat 
to boiling. Examine this at the light in the same way. 
7• Describe. 
8· How would you compare the size of these particles with 
those of true solutions and suspensions? 
g. Compare solutions, suspensions, and colloids with re-
spect to the following: 
a. The size of the particles. 
b. The permanency with which the particles are dis-
tributed in the liquid. 
c. The ability to separate them out by filtration. 
Destructive distillation of wood. 
Partly fill a soft glass tube with broken splints of wood. 
Heat the tube gently at first and then more strongly until 
all of the volatile matter has passed off. After the tube 
has been strongly heated for about a minute, bring the mouth 
of the tube to the Bunsen burner flame and ignite the 
volatile matter. Continue to heat until all the volatile 
matter is driven off1 as shown by the dying down of the 
flame at the mouth of the test tube. After the tube has 
cooled, examine the contents. 
10· What is the black solid left in ·the tube~ 
11· What is the black liquid condensed on the upper part 
of the tube! 
12· What combustible substance was driven off' with the 
volatile products! 
1Makt,ng and 'Te·s tTng Soap 
Point. To prepare soap from oil and to show important 
factors in the purity of soap. 
Explanation. Making soap is one of the oldest industries, 
and it can be , easily prepared from crude materials. Its 
I. ' 
basic requirements are any animal or vegetable oil and any 
alkali. Oils commonly used are cottonseed, corn, olive or 
any animal fat. The most common alkali is potasium hydroxide, 
found in wood ashes and known as lye. By boiling a mixture 
of one of these oils with an alkali, a chemical reaction 
takas place forming soap in solution with glycerin. To 
remove the soap from solution a process called ~salting out~ 
is employed. Since common salt is more soluble in water than 
soap, the salt dissolves, and in so doing, pushes out the 
less soluble soap, which then floats to the top of the con-
tainer to be sk~ed off and pressed into cakes or bars, as 
required. Obviously, if too much oil is present, the soap 
will be greasy, and if too much alkali is present, the soap 
will be so active that it will irritate the hands. As you 
will notice from this last fact, strong soap (laundry soap) 
differs from toilet soap by the amount of free alkali present. 
Some soaps for specific purposes have added to them certain 
materials. For example, pumice or ground lava is often 
included in a so called ~sand soap~ as· an abrasive to remove 
grease. Perfumes are often used to hide tell-tale odors of 
impurities, or merely for their fragrance. The difference 
between a floating and a sinking soap is not one of 
ingredients, but depends upon how much air has been crutched 
into the final soap. For example, one floating soap is over 
40% air. Depending upon its use,of course, such a factor 
may be either a detriment or an improvement. 
Do not be confused by manufacturers~ advertisements 
claiming certain percentages of purity, for nearly every 
commercial soap must be nearly 100% pure. The effect of 
making the advertising percentage a little less than 100 
is to make it sound more Gonvincing to the general public, 
since 99 percent sounds more nearly possible than 100%, 
even though there are many hundreds of soaps, all of which 
are actually 100% pure. Once soap has been made, its value 
has no connection with the source of the oil. 
Varieties of soaps •••• 
Transparent soaps are made by adding water and alcohol to 
the soap. Castile soap is a cold-process soap with glycerin 
remaining in it. Soft soap is made by using potassium 
hydroxide instead of sodium hydroxide. Liquid soaps are 
usually alcoholic solutions of soft soaps. Shaving soap is 
a white soap with free stearic acid or some gum to make the 
lather more permanent. Salt water soap is made with cocoa-
nut oil and a mixture of NaOH and KOH. This soap is not 
precipitated with sea water and makes good lather. Dyes or 
perfumes do not increase the cleansing power of colored and 
scanted soaps. 
~rocedure. Dissolve 100 grams of Sodium Hydroxide in 
200 c.c. of water. Add an equal volume of denatured alcohol. 
Now, in a large test tube, put equal volumes of olive oil 
and the alcoholic NaOR. Shake while warming slowly. 
1· Describe this action which is called saponification. 
After the action stops, run cold water over the outside of the 
tube and take out some of the yellow solid soap produced. 
In making soap at home, the alcohol used here to speed the 
reaction need not be used. Merely boil and stir 6 pounds of 
any fat with 1 pound of lye. Then pour the saponified mass 
into boxes to cool and solidify. When cold it may be cut 
into cakes of the desired size. 
Try a portion of your soap for lathering properties. 
2· Is it a good or poor soap~ 
Save the remainder for the next portion of tests on soaps. 
Procedure ••• For free alkali. 
Use portions of toilet, laundry, and your own soap which 
is well dried. Cut a fresh surface and test it with a drop 
of phenolphthalein dissolved in alcohol. If a pink color 
appears, the soap contains free alkali. 
3· Record your results. 
4. Why must water be absent for this test? 
For free fat. 
Place a few shavings from the dry soap in the test tube 
containing 5 c.c. of benzene. Keep benzene away from the 
flame. Shake the tube well to dissolve the shavings. Allow 
~. ) 
to stand a few minutes. Shake again 1 and pour a few drops 
of the liquid on the center of an unfolded filter paper. 
Allow the liquid to evaporate. Benzene will evaporate 
quickly1 and1 should any fat be present 1 the latter will 
remain on the paper as an oily spot or ring which will make 
the paper translucent. 
For water in soap. 
Use a fresh cake 1 and shave off enough to fill one fourth 
of a test tube. Heat carefully and watch for moisture on the 
sides of the tube. 
4• Observe whether there is much moisture 1 as all soaps 
will contain some water. 
For Borates. 
Wet a strip of turmeric paper in 5 c.c. of soap solution 
containing a few drops of hydrochloric .acid. Dry the paper 
by wrapping it around a beaker of boiling water. If borates 
are present 1 the paper will reddan. 
{ . 
Testing Fruita 
Point, To compare unripe and ripe fruits and to determine 
the presence o~ preservative on the surface, 
Explanation. The relation of starch to sugar is close, and 
simple tests will show their proportion in both ripe and 
green fruits. Bacterial growth on the surface of a fruit is 
slowed by adding a poison in the form of a spray. When a 
tree is sprayed during the blossoming season, small amounts 
' 
of arsenic or similar compounds are often deposited on the 
skin of the fruit. Too much of such a poison is not helpJul, 
while a small amount does not bother, and protects the fruit 
from minor insects, The chemical test for arsenic and the 
legal limit allowed will be discussed in your class, and this 
information should be incluied in the notes following this 
experiment, 
Procedure, Starch, 
Grind a bit of the material to be tested in a mortar and 
add water, To a little of this material in a test tube, add 
10 c,c, of iodine solution, A formation of a blue color 
indicates that there is a presence of starch, and by the 
depth of the color, its proportion may be obtained, Using 
a freshly out alice of potato, without grinding, add a few 
drops of iodine to the surface. Is starch present~ 
Sugar. 
There are many in the sugar family. To change all to 
the samplest sugar, the material to be tested should be 
boiled for a few minutes with a dilute solution of hydro-
chloric acid. To the resulting solution, add a little 
of both A and B of Fehlingfs solutions. ~oil this mixture 
a few minutes. The formation of an orange or red material 
indicates the presence or sugar. This is also the general 
test for any carbohydrate. 
Arsenic. 
Out a few parings from the skin of the fruit to be tested 
and add them to the hydrogen ge~erator, already containing 
zinc and hydrochloric acid, making sure that the hydrogen is 
pure by proper test. Hold over the ignited jet of hydrogen 
a cold piece of porcelain. The formation of a black mirror 
on the surface indicates arsenic. 
Lead. 
Lead is a cumulative poison that 1s 1 it is one gradually 
building up and retained by the body. Sometimes lead salts 
are used for protective sprays, in addition to ars enic 
:mentioned previously. Suitable test for lead is as f'ollo '\<7S ~ 
Grind some of the unkno,m, a.nd placing it in a test tube, 
add a few c. c. of dilute acetic acid. Now add a little 
pot~siwm dichromate solution. The formation of a yellow haze 
or precipitate indicates the presence of lead. 
Cut small bi ta from bo ·t.h samples of unripe a.nd ripe 
fruits, using as nearly the same size a.nd weight as possible, 
and make compa.ra ·tive check on each by the above tesJcs 1 listing 
the results on your report sheet. 
. ' 
T~xtiles ~na Dyeiri~ 
Point. To recognize the separate fibers and to practice 
methods of dyeing cloth, 
Explanation. All types of fiber under a microscope appear 
different, and these distinguishing characteristics make 
possible direct identification of fabric material, Also, 
vegetable fibers, cotton and flax, behave differently 
from animal fibers of wool and silk under chemical tests. 
Most commercial fabrics are now mixtures of two or more 
classes of fibers. Methods of labelling products are at 
present confusing. For example, the material legally called 
~all wool~, must contain only 51 or more per cent of actual 
wool fiber, while ~pure silk~ refers to any material con-
taining more than 2oi or silk fiber. As may be inferred from 
these statements, some accurate check should be understood 
by all persons dealing in cloth • 
.I>rocedure. 
A. Carefully examine samples of each of the following, 
and s t ate the general appearance of each cotton, linen, 
wool, silk, rayon and celanese, 
1 • Which are the finest~ 
2· Which are the coarsest~ 
3· Which seem the strongest~ 
B. By use of the microscope, examine a single fiber of 
each, and make a rough drawing showing the characteristic 
shapes in each case. 
c. Burning test. 
Cut narrow strips about 5 em. long from cotton, 
wool, silk and artificial silk fabrics. Using tongs for 
holding the strips, burn them, one at a time, over the 
Bunsen burner. Watch them burn. 
4· What is the relative speed at which they burn? 
5· Which gives the larger and steadier flame 7 
6· What odor is given off in each case? 
7· Describe the ash left by each. 
Burn a piece of loaded silk. 
8· Does it retain its shape1 
g. Can you tell animal from vegetable fibers by the 
flame test! 
lQ. Can you distinguish wool from silk? 
11· Linen from cotton~ 
12. True silk from artificial silk? 
D. The use of hydroxides in distinguishing animal from 
vegetable fibers. 
Boil a small strand of wool yarn in 10 c.c. of Sodium 
Hydroxide solution. 
13· What is the result? 
Repeat the above method using samples of silk1 cotton and 
linen. State the results in each case. 
14· Will the above method distinguish(a)wool from silk? 
\~ linen from cotton?~) cotton from wool~ (d ) silk from linen~ 
E. To distinguish wool from silk, :put a small piece of 
each sample into 15 c.c. of concentrated Hydrochloric 
acid and heat the solution until one dissolves. 
15· Which one dissolved~ 
Try this method on a sample of goods supposed to be a 
wool silk mixture. If wool is present, wash and dry the 
remaining portion, and paste it on the experiment sheet 
beside a piece of the original. 
A second method for distinguishing between wool and 
silk is the sulphur test. Wash the samples thoroughly, 
and then warm them in Lead Acetate solution. 
16· What happens to the wool? 
17. What happens to the silk? 
18· Is this test suitable for dark colored samples? 
F. To distinguish cotton from silk, put 15 c.c. of 
Loew's Re-agent with a piece of cotton and one of silk in 
a beaker. 
19• Which fiber is dissolved? 
Try a sample of the silk cotton mixture. 
20• Which fibers are left? Can this test be used to 
distinguish artificial silk from true silk~ 
G. To distinguish linen from cotton: 
Remove any dressing from the samples to be tested by 
boiling two minutes in a solution of dilute HCl. Rinse in 
a very dilute Sodium Carbonate solution to neutralize any 
acid, and wash the samples. They can be dried quickly by 
spreading them on the side of a beaker containing hot water. 
Moisten the samples with glycerine or olive oil. Remove 
the e x cess oil by squeezing between blotters, and then 
examine the samples against any black surface. The cot t on 
should be opaque and the linen translucent. 
llye:tng: 
Point. To show the methods of dyeing cloth. 
Directions. In shaking all liquids of this experiment, use 
a stopper on the test tube rather than a finger, as the 
dyeing takes place as readily on the skin as it does on the 
cloth fiber. In handling the solid bottle of Picric Acid, 
avoid grinding the stopper into the bottle and avoid serious 
jarring of the container. Use glass containers entirely 
while working with Picric Acid under all conditions. 
Explanation. Certain fibers are more porous than others and 
correspondingly will absorb dye faster. A mordant is used 
to fasten more searely the coloring matter of a dye by 
absorp tion when this dye would otherwise not adhere firmly, 
and might, therefore, be partially removed by washing of the 
fabric. In general, most fabrics are mordanted in present 
day usage. 
Procedure. Lake. To a test tube one-half full of logwood 
solution, add a little ammonium hydroxide. 
1· Result. 
To another test tube one-half full of Aluminum Sulphate 
solution, add a little ammonium hydroxide solution. 
2· Compare the resu1ts with that above. 
Add a little logwood solution to the precipitate 1ast 
formed. Shake the tube and allow the precipitate to settle. 
3· Is the color in the precipitate or in the liquid 
above 
The insoluble substance at the bottom of the tube is 
called · a ~1ake ~. ~Lakes~· p1ay an important part in dyeing. 
Direct dyeing without a mordant. 
Fil1 an evaporating dish one-fourth full of a solution of 
Picric acid. ~ut in it a smal1 piece of white cotton cloth 
and a few strands of white woo1en yarn. Boil for a minute or 
two. Bemove both wool and cotton and wash thorough1y with 
water. 
4• Compare results. 
5· In which is the color fast! 
Dye both cotton and wool in logwood solution. Which is 
more easily dyed without a mordant, cotton or wool~ 
Indirect dyeing with a mordant. 
Mordant a piece of cotton cloth as fol1ows: Soak it in 
aluminum su1phate solution for a few minutes, and squeeze 
out the excess 1iquid. Boil the mordanted cloth in logwood 
solution for a minute or two. Wash and dry the cloth. 
6· Compare the color of the mordanted cloth dyed in 
logwood with the color of unmordanted c1oth dyed in logwood. 
7. Explain. 
g. What use is made of a mordant in dyeing? 
Pairit Pigments 
Point, To prepare the four basic colors used in all 
paints, 
Directions, Save the residue on each filter paper, as 
that pigment is prepared for use at the end of the experi-
ment, You should mix each separately, using a little 
linseed oil as a vehicle. In part D, note carefully. that 
potassium ferrocyanide should be used and not ferricyanide, 
These pigments will cause permanent stains on the hands, 
therefore, use care in handling, 
Explanation. All paints are composed of two parts, a 
coloring matter called the pigment, and a liquid glue called 
the vehicle, The most common vehicle :for oil paints is 
linseed oil, for water colors, water, :for varnishes, lacquer. 
This experiment prepares the coloring matter which is 
identical with any coloring pigment used commercially, The 
only difference between your pigment and those used commer-
cially; may be that yours will have larger size grains, 
while the commercial product is finely ground to produce 
smoothness, With these :four colors, with a possible fifth 
in lamp black, are produced by suitable combination all 
other hues except red. 
Procedure. 
A, White lead. 
Fill a test tube nearly f'ull of' 
water, and dissolve enough Lead 
Acetate in it to make a saturated 
:rr.lulc. H'td."<\lor~ 
m ... l.lc c.~ 1~.1 FttiJ. : solution. Filter if' necessary to 
CA.Tbor, "J)IO)I;ID~ 
G(.,er<>.ft>r 
remove any undissolved partic·les. 
Pass Carbon dioxide f'rom a generator 
lnto the lead acetate solution until 
a heavy white precipitate is formed. This is white lead. 
Filter and spread the paper on the desk. Examine andsave 
the product. 
B. Chrome yellow. 
To 20 c.c. of' Potassium Chromate solution in a test tube, 
add 15 c.c. of' Lead Acetate solution. The precipitate is 
lead chromate. Shake the tube vigorously and immediately 
pour half' the suspension into another test tube. Filter 
one portion, and spread the filter on the desk. Examine and 
save this product, noting its color. 
c. Chrome Orange. 
Pour off the liquid from t he second portion of' lead 
chromate precipitate, and to the precipitate, add about 5 c.c. 
of sodium hydroxide solution. Boil gently for several 
minutes. This pigment is called chrome orange. Filter and 
" 
spread the filter paper on the desk. Examine the residue. 
D. Prussian Blue. 
Fill a test tube one third full of Ferric Chloride 
solution. To it, add an equal volume of ~otassium 
Ferrocyanide solution. Note the color of the precipitate. 
Filter and spread the filter paper on the desk. Examine 
the residue. 
E. Green pigment. 
On a clean piece of paper, mix a part of the chrome 
yellow with an equal amount of blue pigment. 
1. Result. 
To each residue on the filters, add a drop of linseed oil. 
Mix well, and make a smear on your laboratory report to 
illustrate your results • 
• 
Milk 
:Point. To measure certain components in milk • 
. 
Explanation. Although milk varies in composition even 
from cow to cow, and, in the same cow, from week to week, 
an average percent composition of normal milk may be 
stated as about 12·8i to.tal solids, 4% fat, 3.3% Protein, 
0·7~ ash, 4·8% Mi1k sugar, 8·8~ solids not fat. 
Procedure. Specific Gravity. 
The lactometer is graduated to give correct results at 
60 degrees Fahrenheit or 15·6 c. Thoroughly mix a sample 
of whole milk. Immerse the lactometer. Correct for temper-
ature if needed and record your result. 
Acidity. 
Measure 25 c.c. of milk into a 125 c.c. flask. Add an 
equal volume of cool, boiled water. Titrate with 0·1 N. 
Sodium Hydroxide, using ·5 c.c. of :Phenolphtaalein as 
indicator. Each c.c. of base required equals .Q09Q grams 
of lactic acid. Record your measurement. 
Total solids. 
Dry and weigh accurately a 90 c.c. porcelain evaporating 
dish. By pipette, add Just 5 c.c. of milk and weigh again. 
Evaporate the milk for 1/2 hour in a water bath and then 
dry in an oven at 100 c. for 3 hours. Weigh the dish and 
compute the total solids. 
Ash. 
Ignite the dish with residue from the total solids 
test to a dull red heat until the ash is white or a uniform 
gr~y color. Cool and weigh as before. Compute the difference 
in weight for the ash content. 
Fat.(Babcock Metho~. 
Measure 17·6 c.c. of milk by pipette into a graduated test 
bottle add 17·5 c.o. of concentrated sulphuric acid, sp. gr. 
1·825 1 pouring it slowly to form a layer below the milk. Mix 
by rotary motion until all curd has disappeared. Place bottle 
in counterbalanced centrifuge and whirl for 5 minutes at 
1000 rpm. Remove bottle and add hot water up to the neck. 
Whirl again for one minute. Again add hot water until fat is 
nearly at the top of the graduations. Whirl for an additional 
minute. Measure length of fat layer by di~iders, _and compare 
to scale on bottle. 
Calculation of milk solids. 
Rehner Method 
Babcock Method 
T = _1 + 1 ·2 F + 0·14 
4 
SNF :: ( 1 QOL - LF -~ x /100 - F) 2 •5 
1 00 - 1 • 07 53 LF 7 \ . 
Olson Method Protein ~ T- __ T __ __ 
1•34 
T ::o 'fo Total Solids 
L :::. Lactometer Reading 
F ::. 'fo Fat 
Detection of ~asteurized milk. 
Mix 20 c.c. of milk in a test tube with 1 c.c. of a 
solution containing 5 c.c. of saturated alcoholic solution 
of methylene blue, 5 c.c~ of 40~ Formaldehyde and 100 c.c. 
of water. Cover the contents of the tube with a layer of 
liquid petroleum to exclude air and place tube in a water 
bath at 45 C. Raw milk will decolorize the re-agent in less 
than 20 minutes. Pasterized milk will take much longer. 
Report all values obtained on the milk samples you used. 
Sanitat;f.on 
Pointe To investigate the relative strength of several 
common disinfectants. 
Explanation. Antiseptics suppress growth but do not 
necessarily kill microbes. Disinfectants kill bacteria in 
a short time. tl 
Principal factors determining the disinfecting action of a 
chemica 1 are ~ 
1. The concentra t ion of the re-agent. 
2· Time over which it is allowed to act. 
3· Presence of organic matter in the material to be treated. 
4• Presence of free moisture. 
5· Type of organisms to be killed. 
6· With metallic salts, the degree of dissociation t hat occurs . 
7• The pR. 
Fumi gation . Formaldehyde. 
12 oz. per 1000 cubic fe e t i n moist ai r . Insects and vermin 
are not affected, nor fabrics and metals. 
Sulphu r dio x ide. 
4 to 5 pounds of Sulphur per 1000 cub i c fee t . Exces s wa t er 
vapor is needed , a b out 1/5 as much as the weight of sulphur 
u sed. This kills insects, and is harmful t o man, fabrics and 
metals . 
ProcfAda.re. S t artin g with petri dishes of kno"'n cultures of 
s t aphlococcus Alb us or Aureus on agar, apply separately, 
JL• Hilliard Te xtbook of Bacteriology and its applications. 
Pg. 95 g]. 
several drops or: 
1· 1/100 soap and ~ater. 
2· 1/10000 soap and water. 
3· Tincture of iodine. 
4• Alcohol. 
5· Alcohol, 1/1 solution in water. 
6· Mercuric chloride solution 1/1000. 
7• Carbolic acid, phenol solution, 1/10000. 
8· Calcium Hypochlorite solution, bleaching powder, 5%. 
g. Mercurochrome, 2% solution. 
10· Mercurochrome, 26~ solution. 
Place the dishes in the incubator at 37 degrees c. and 
after 15 minutes, examine. Replace in incubator and leave 
overnight. Examine and report your impressions of relative 
strength and effectiveness of each of these disinfectants, 
on the basis of the extent of area of the organisms cleared 
by an approximately equal volume of applied disinfectant. 
Others can be added by instructor if questioned or desired. 
(These listed are the only ones I have actually done0 
Bleaching and Stain Remova . .L 
Point. To determine which bleaching agents and which solvents 
are most effective in removing specified colors. 
Direct:l.pns. Do not breathe large quantities of either Chlorine 
or Sulphur Dioxide, as each is toxic. In case one does breathe 
too much of either, go immediately to the open air, breathe 
slowly and not too deeply for a few minutes. If serious 
irritation persists, touch a few drops of glycerine to the 
tongue. Do not breathe deeply in open air. Avoid coughing as 
much as possible. 
Explanation. Most bleaching agents are good oxidizing agents. 
That is, they chemically combine with substances ,' to form a new 
compound, which may have less or no color. Most : bleaches are 
acids, which, in addition to color removal, weaken fabrics. 
~rocedure. Bleaching. 
Place moistened samples of' red wool, yellow wool and blue 
wool in a bottle of' sulphur dioxide. Leave for five minutes. 
Record your results, pasting a bit of your sample ~before and 
after~ to show the results. 
Place a moistened colored flower in a bottle of sulphur 
dioxide for a few minutes. E~f'ect. 
Place a moistened sample of red, yellow and blue wool in 
a bottle of chlorine f'or five minutes. Record your results 
pasting a bit of your sample ~before and after~ for this 
purpose. 
Stain Removal. 
Greases like milk, cream, butter, oils 1 salad dre~sing, 
ice cream and fats, are removed by carbontetrachloride or 
Carbona. 
Scorched fabrics. 
Whitening occurs with the application of lemon juice. 
Allow fabric to remain in the direct sunlight for a few hours. 
Fruit juices. 
These are best removed by cold water. Use no soap or hot 
water. 
Inks are beat decolorized by stannous chloride solution, 
or by hypochlorite, Dakin's solution. 
You will be given a sample of white cloth on which is a 
butter stain. This is to be removed by carbon tetrachloride. 
Apply the fluid from the outside of the spot to avoid leaving 
a ring where the solvent spreads. You will be graded on your 
skill in this portion of the experiment. 
St~~ches 
Point. To distinguish the common forms of starch. 
Explanation. Most of our foods are based on starch. These 
s ·~arches 1 produced by photosynthesis in plants 1 will hydrolyze 
in acids of the stomach to produce sugars. The sugars 1 in 
turn1 dissolve in water 1 mix with blood and are carried to the 
lungs where they burn in the oxygen to produce heat. The 
starches, one of a group of carbohydrates, are complex mole-
cules, differing in certain aspects, as will be shown below. 
Procedure. General test for starch. 
To a small amount of any starch in a test tube, add a 
little water, warm slightly and add one drop of a tincture of 
iodine. The color is distinctive for starch. 
Conversion to sugars. 
To a small amount of any starch in a test tube, add 10 c.c. 
of Benedict 1 s solution and warm slightly. Is there any change? 
To a second test tube containing a little starch add 5 c.c. 
of dilute HCl and boil for a minute or two. Now add 10 c.c. 
of Benedict)s solution and warm slightly. This change now 
proves that while there was not sugar present originally, 
the starch has now hydrolyzed to form sugar. 
Recognition. 
Place, separately, a few grains of each of the following 
starches on the stage of the microscope. Sketch what you see, 
indicating by size or shape, the important differences which 
enable you to distinguish between potato, wheat 1 rice, corn 
and oat starches. 
Ores' and Minerals 
Point. To learn to recognize a few of' the common minerals. 
Directions. In using the blowpipe, keep the object to be 
heated fairly close to the tip of the blowpipe, not out beyond 
the-- tip of' the bluish flame. 
Explanation. Many valuable ores are found in New England. 
Although not found in large quantities, many of these minerals 
can be recognized in the mixed granites and feldspars as well 
as in an occasional large mass of clear ore. 
Procedure. Asbestos. 
Examine the sample. Remove a few fibers by hand and heat 
them in a Bunsen burner flame. Do they conduct heat easily? 
Do they burn or meltl 
Mica. 
Examine a few flakes. Try to split one flake by knife 
blade. How far does it continue to split~ liea_t a flake in a 
Bunsen burner flame. Does it ;oonduct heat easily? Does it 
burn or melt~ Is it transparent after being heated? 
Lead Ore. 
Notice the definite shape of the galena crystals. Place 
one on a charcoal block and heat it by means of the blowpipe. 
What effect do you notice1 Is the reduction easy or difficult? 
Copper ore. 
Notice the color of the malachite ore. Place a piece of 
this on a charcoal block and heat it by blowpipe, as before. 
What effect is produced? Is this reduction easier or more 
difficult than with lead? 
Iron ore. 
Examine a lump o~ Hematite. This color and ~ormation 
shape are both characteristic o~ iron. Heat a piece of this 
ore on a charcoal block~ Is pure iron obtained? Is the 
process easier or more difficult than that for copper? 
Other metals. 
Examine the specimens o~ Gold, Zinc, Tin, Mercury, Silver, 
Antimony, Uranium, Vanadium and Tungsten ores recording any 
characteristics by which you can recognize them as you see 
them again. 
Chemical C'ells , 
PQint. To study the conversion of chemical and electrical 
energy. 
Explanation. Pipes and boilers in houses frequently rust or 
pit so badly that in a year or two, they are useless. 
Usually, this is caused by an electrolysis set up by using 
two dissimilar metals in contact. That is, if all pipes were 
iron or brass, there would be no corrosion. But any mixture 
of iron with brass ·will cause the iron to rapidly dissolve. 
Procedure. Voltaic·. 
Place two separate strips of zinc in a beaker of dilute 
sulphuric acid, connecting the upper ends of each strip to the 
poles of a voltmeter. Do you notice any reading: 
Similarly take voltage readings when strips of the follow 
1ng are used: copper and zinc, iron and copper, tin and zinc, 
copper and copper, carbon and copper, tin and copper, iron 
and zinc, carbon and zinc. 
Replacement. 
Dip a knife blade or an iron key into a solution of 
copper sulphate for a few seconds. On removal, do you notice 
, .. 
that corrosion has already replaced a part of the iron by 
copper! Dangle a copper wire in a test tube containing a 
little silver nitrate solution. After several minutes, 
notice the forma t ion of crystals of pure silver. 
El ectrolytic. 
Using DC from a rectifier or the DC lab socketsupply, 
., 
attach a bar of iron to the negative lead and a bar of copper 
to t he positive lead. Suspend these two bars in a solution 
of copper -sulphate to which a little sulphuric acid has been 
added. After the current has been left on at not more than 
2 amps. for five minutes, remove both bars and examine them 
closely. Is the copper bar still smooth: Is the copper 
plating on the iron bar uniform~ Does it rub off with the 
fingers~ 
Storage. 
Using the glass storage cell, connect by wires as sketched, 
8."' D .C. 
~ith switch B open and A closed. Does the 
bell ring? Open A and close B allowing 
the cell to charge from the power supply 
for two minutes. Open B and close A. 
Does the bell ring~ Leave ~ clQsed long 
enough to find that the energy will 
gradually be used up, and the bell will 
finally stop. With a hydrometer, measure the specific gravity 
of the acid now in the cell. Open A, close B and recharge 
for five minutes. Again measure the specific gravity of the 
acid. What effect has been notice? Now run the bell until 
it stops ringing again. Add 10 c.c. of concentrated acid to 
the cell. Does the bell start ringing again? Summarize the 
results of your observation in a brief report of your experi-
ment. 
CHAPTER III SUMMER PROGRAM, fol&owing J unior Year. 
Water Life 
Birds 
Trees 
Weeds 
.Planets 
Insects 
Reptiles 
Vegetables 
Ornamental 
Gardening 
What direction do all fish swim in the 
stream~ 
What direction do water mosquitos and 
wrigglers face in a stream~ 
Which birds eat tent caterpillar nests? 
Find a robin 1 s nest. Are the calls of young 
and old alike? 
How old is one of your pullets when she lays 
her first egg~ 
How are the new needles in pines arranged~ 
How does the pine tree spread its pollen? 
Examine some horsetails. How do they reproduce? 
How much difference is there in time when the 
same planet rises each night~ Use the moon 
or any other visible planet. 
Distinguish the dragon fly and the damsel fly. 
Do these bite victims, or drink via sucking 
mouthparts? 
Find a garter or red-bellied snake. Watch it 
eat. Does it swallow angleworms by any parti-
cular end first! Does it eat grubs in any 
particular way? . 
What crops have you already harvested? 
What plants, trees, flowers and shrubs have you 
noticed in bloom during this month ? 
Water Life 
Repti1es 
Vegetab1es 
Insects 
Birds 
Fruits 
Insects 
Haying 
Weather 
.•.' 
Do c1ams 1ie in mud hinge up or down! 
Certain snakes1 eggs grow in size. Do hens 
eggs grow 1ikewise? 
Remove the si1k from an ear of' growing corn. 
Do kerne1s deve1op~ 
What co1or are the eggs of' the potato beet1e? 
How many eggs are 1aid in one mass1 
Are there more hawks in summer or in winter? 
Is the same individua1 hawk over the same 
fie1d the year round~ 
Is this a bumper year for fruit1 Why1 What 
varieties of' 1oca1 fruits are on the market 
today? 
What insects are on your crops this month? 
What grasses are ready and what ones are cut? 
How do you determine the maturity of hay? 
How can you protect your farm against a dry spe11~ 
Insects 
Vegetables 
Fruit 
Ornamental 
Weather 
Field Crops 
Birds 
August tro.je c·ts 
What color are the egg masses of grasshoppers? 
How many eggs are laid in one mass7 If in 
biting into an apple, you find a worm (which, 
of course has no wings) how do you explain its 
presence? What do you find at the center of 
the swelling on the back of oak leaves~ 
When did you eat local sweet corn for the first 
time? 
·"":. 
What varieties of apples are being harvested now? 
What cultivated flowers and shrubs are in bloom now? 
How many inches of rainfall do you estimate we had 
last month~ Estimate the average daily tempera-
ture~ 
What grasses are in bloom now ? 
How many different birds' nests have you located? 
Chapter IV EXPERIMENTS IN PHYSICS 
Introduction. 
The following series of twenty experiments in agricul-
tural physics is designed for use, one each week, during the 
senior year or 12th grade. The order of experiments is 
planned to coincide with the order of presentation and rate 
of progress through subject matter in the published course of 
study at Weymouth Branch of Norfolk County Agricultural School. 
The instructor should feel free to rearrange the order of, 
omit, or add to the experiments as he wishes. Such a flexibility 
of presentation is possible since no experiment depends upon 
any previous experiment. The subjects may, therefore, be 
considered separably and in any desired order. 
Many of the experiments are merely thought-provoking 
overviews of the basic. principles concerned, and as such, will 
assume that considerable class discussion and/or instructor 
lecturing will accompany these outlines. One purpose of the 
inclusion of such material is to stimulate interest in recog-
nition of practical applications of these principles in life 
situations, but the detailed explanations of the principles 
and their applications must necessarily be made by the instructo~ 
who, it is hoped, will adapt his explanations to the specific 
problems arising among his students. 
Poin~. To show the rela~ions between cloud formation, wind 
direction, relative humidity, temperature and rain. 
Explanation. Clouds. 
Cirrus clouds are the so-called feather clouds that are 
formed at very high altitudes when there is only a small 
amount of moisture in the air. For that reason, very light 
~-
_:. _-;- .--: ·-~:--= . 
c\_.rus 
clouds will indicate fair weather, and, 
in general, cooler temperature conditions. 
Cumulus clouds or the so-called 
wool pack variety are formed at lower 
altitudes and in conditions of greater 
amounts of' moisture. While in widely 
. 
separated groups, and of the white 
variety, fair weather may be expected with little change in 
temperature, but as soon as masses of these cool and turn dark, 
changeable' conditions will be true. 
A solid layer of dense clouds, commonly called ~overcast~' 
sky is known as a stratus formation. Such a condition usually 
causes "'armer evenings and changeable rain condi tiona. 
Nimbus clouds are darker, contain large quantities of 
moisture and indicate rain. 
Winds. 
Winds are a rush of air from a place of' high pressure to 
one of lower. Correspondingly, for best forecasting, some 
knowledge must be had of the weather at the place from which 
the wind is blo1ling. For example, if the wind is blowing from 
New York toward us, we may expect the weather of New York to 
be ours very shortly. Using this fact, daily maps are prepared 
by the Department of Agriculture of the United States Government, 
indicating complete weather conditions over the entire country. 
You will note from these maps that the prevailing winds for 
this section are southwesterly and that, in general, weather 
conditions travel in a loop across the country, making a 
deep dip on their trip across, due to the rotation of the earth 
as well as to mountain formation. Further explanations of 
these charta will be given in class and should be noted in 
your reports. 
Since the ocean remains at nearly constant temperature all 
year round, winds from the ocean (easterly for this locality) 
may be expected to be nearly constant in temperature, hence 
producing warm conditions during a cold spell and by compar-
ison, cool conditions in extremely hot weather. 
Relative Humidity. 
The air contains varying amounts of moisture, but since 
warm air c.an hold more moisture than cold air without being 
any more crowded, direct measurement of the amount ·pre·sent 
serves no .useful purpose. Relative humidity refers to the 
amount that is present in comparison with the total amount 
of moisture that the air, at that temperature, can hold. 
An example will illustrate the point in question • 
. Suppose this room of air does contain 5 grams of water 
vapor, and at this present temperature, could hold 10· 
It would be said to be 50% relative humidity. However, if 
the temperature of the room goes up, there would still be 
5 grams of water vapor present, but under the higher tempera-
ture, it is able to hold more, say, for example, 15 grams. 
In this new condition, it is 33% saturated. Obviously, to 
rain, the amount of water that is present at a certain level 
must tend to be more than the amount that air can hold, 
100~ plus relative humidity. An instrument to measure this 
factor is called a hygrometer or a sling psychrometer, the 
method of either being as follows 
When water evaporates, it requires heat. Thus, when the 
air is nearly full of moisture, not so much liquid will 
evaporate from a given wet surface as would when the air is 
drier. If a thermometer bulb is wrapped with a moist cloth, 
when the air is not very dry, not very much liquid will 
evaporate from the cloth, hence the thermometer will not be 
greatly cooled, and will record nearly air temperature. If 
the air is very dry1 larger amounts will evaporate from that 
bulb, cooling the thermometer to a greater extent and causing 
the reading to be lowered. Thus, by difference between wet 
bulb and dry bulb readings, the relative humidity can be 
directly determined by suitable chart. This method is of 
great use, since it is obvious that it can~ot rain when 
the RH .is low. The converse is equally true. When the RH 
is high, there is a greater probability of rain. 
Temperature. 
As stated before, warm air holds more moisture than 
cold air. Therefore, if the temperature goes up, weather 
will becom~ more nearly fair, while if the temperature 
drops, fog or rain may result. It will be noticed in this 
respect that showers occur always in the late afternoon or 
evening, as the air starts to cool down after the sun sets. 
Rain. 
It isunderstood that moisture can form in many ways. 
If a little du~t in the air, fog is produced. If more dust 
is available, the drops of moisture cool on these particles 
and form rain. Should the temperature be below 32 F., the 
drops freeze in six-sided figures, all different, called 
~'snow~~. Should wind currents carry particles of rain back 
and forth from the cold to warm layers of air, successive 
coatings of ice on the rain drop will occur producing the 
solid group known as ~hail~' and, assuming the wind current s 
to be strong enough, we find these hail stones to be of 
surprising size. 
Queer as it seems, water vapor weighs less than air. 
The result is that when there is a great deal of water vapor 
in the air, the weight of the column of air extending upward 
above us about 250 miles, becomes less than the weight of 
that same column under drier conditions. 
Barometers of varying types are used to measure this 
weight of air, or as is more commonly called, the atmos-
pheric pressure. The mercury barometer, as sketched first, 
is the simple type. By filling any closed tube completely 
I_ 
with mercury, and then inverting this tube, 
closed at the top, in a shallow pool of 
mercury, it is noticed that the liquid level 
always drops to a point approximately 30 inches 
above the level of the pool. As the air 
pressure becomes greater, the mercury column 
will rise, and conversely, in rainy weather, 
the mercury level drops. Since the air pre~sure is a func-
tion of moisture, it will be seen that a sudden change in 
moisture will cause a similar change in barometer reading, 
but it should also be made clear that a single reading of 
r 
1.. -
any barometer will not give any indication of present weather. 
For example, if a barometer reads 30 inches . at present and 
the following day reads 29 inches, the drop indicates that 
more water is present in the air than before hence, it is 
more apt to rain. Whether it will actually rain or not is 
dependent · upon how nearly 100~ the RR was on that first day. 
Since it is sometimes not convenient to use a liquid 
barometer which is 36 inches long and not easily portable, a 
second type now commonly used called the ~aneroid~, is found 
where vibrations or extreme temperatures are not too prevalent. 
This latter type consists ot a 
metal cylinder in which is a 
partial vacuum. The corrugated 
covering is connected by levers 
~o an indicating needle so that a 
slight motion ot this cover ,will result in a magnified 
motion ot the needle across a graduated scale. The corrugated 
box is prevented trom complete collapse by a powerful spring 
acting at all times. Since the inner compartment is a part ial 
vacuum, on days ot greater air pressure the box will be com-
pressed to the greater extent, while on days ot less pressure 1 
the torce pressing inward will not be as great, therefore, a 
variation ot the needle will be noticed. It is thus seen 
that a device ot this type may be made extremely compact in 
torm, and, having no liquids or glass, will withstand the 
rough treatment ot being carried about tor transient readings. 
Procedure. Make readings each school day in your diary, showing 
general weather, type ot clouds, wind direction, barometer 
reading, relative humidity and temperature. From these readings 
and taking into account the previous day's readings, forecast 
probable weather conditions tor the next day. 
All of these determinations should be made at the same 
place and preferably at the same approximate hour ot the day. 
There are suitable instruments available in room 108 tor 
taking these determinations. 
tubri..cants .: 
Point , To find a relation between load, type of 
lubricant, temperature and friction. 
Directions. In handling graphite lubricants, avoid 
. touching the graphite to · hands or clothing, as the stain is 
extremely difficult to remove. Between measurement of fric -
tion with the blocks, be sure to wash both blocks thoroughly 
with hot soapy water, then dry. 
Explanation, Lubricants fall in three major classes: solids 
of which graphite is by far the most common, oils and waxes 
of which the machine oils are the most numerous, and non-
oily lubricants for special surfaces (like water for poly-
styrene and soa.p for wood). 
The operation and purpose of all lubricants are identical. 
The purpose is to reduce friction so that two surfaces may 
slide more easily across each other, thereby enabling more 
useful work to be done by the given amount of work applied to 
the machine. The operation of all lubricants is to fill the 
fine depressions in the two surfaces so that a more nearly 
smooth sliding surface is presented, 
Important factors in lubrication are: 
1· Presence of dirt or abrasive particles in the lubricant, 
These can be removed by regularly filtering the lubricant, 
hot, through filter paper or pads of cotton, 
2• ~Bosy~ or the ability of the lubricant to withstand being 
expressed from between the surfaces to be protected, by 
sheer pressure of the two surfaces. 
3· Temperature of the surfaces and lubricant. At higher 
temperatures the lubricant usually offers less protection. 
Procedure. Carefully wash the two metal blocks assigned to 
you in hot soapy water and dry them thoroughly. Place one 
upon the other, and, by means of a spring balance, determine 
how much horizontal force is heeded to slide the top one. 
Add a 250 gram weight and measure the friction again. Add 
500 grams, then 1000 grams, measuring the friction each time . 
1· Record the force needed for block alone, and then with the 
successive weights added. 
2· Wha~ effect does added load. have upon the friction? 
Now, coat both rubbing surfaces with a very thin film of 
No, 10 oil and repeat all friction measurements. Next, 
apply a heavy coat of the No, 10 oil and make one measurement 
with the 500 gram weight. Now carefully wash the two blocks 
in hot soapy water to remove all of the lubricant, Dry them 
thoroughly and repeat these tests using a heavy grease, 
Again wash the blocks and repeat the tests using solid 
graphite as the only lubricant. Now, carefully wash the 
blocks, leave them in boiling water .'for a few minutes, and 
from this point on, working rapidly, so that the temperature 
will not have time to drop, spread a thin film of the same 
heavy grease as used before on the hot blocks. Complete the 
table below, showing the values you obtained. 
-::::t ~1-0C K.S 
A'-o""~ -t- ;?.50 + 500 +1 0 00 
TI!i!y 
•ro --K.;,., 
"'10 - ~ov_y . ,. I~ ~ 
Col<l '3•<a.:se 
Hal ~~«>.se 
Gral>h;te 
Make general statements showing what you found to be 
true in relation to: 
a. Load on friction. 
b. Body of the lubricant, on friction. 
c. Temperature 1 on friction. 
Fuels · 
Point. To 9ompare the expense of heating by coal, oil, 
gas and electricity. 
Explanation. We sometimes pay more for convenience and 
speed than we realize. This experiment , although making 
only a very rough estimate of comparisons, may show a 
surprising premium paid for cleanliness and convenience in 
heating . 
Procedure. Coal . 
On a metaJ. · plate build a small wood fire, using weighed 
supply. Light it and gradually add pieces of coal from the 
weighed supply until the coal fire is established . Note the 
time of day to the next nearest minute . Place exactly one 
quart of water in a pan, stir and record the temperature . 
Place this over the coal fire for just five minutes . Remove , 
stir, and again take ·bhe temperature . Place an inverted pan 
over the coal fire to smother it. After allowing a few 
minutes for the remainder to cool, remove the pan and weigh 
the remaining partially burned coal. Compute the weight of 
coal used in warming the water one degree. 
1 · Assuming the price of coal at ~21 ·50 per ton, compute 
the cost of heating 100 quarts of water 80 degrees. ( Being 
heated 80 degrees is an arbitrarily chosen increase, but 
it is the same for all samples ) . 
Oil. 
Place a measured amount of kerosene in an evapora t ing 
dish. Add a piece of cotton wicking. Place a pan con -
tain ing 1 quart of water at known temperature above it. 
Light the wick, allowing the water to heat for just five 
.min u t es. Smother the oil flame. Measure the amoun t of 
oil remaining, and compute the amount of oil used. 
2· Compute the number of gallons of oil u sed in warming 
the water one degree. 
3· Assuming the price of fuel oil at $0.11 per gallon , 
comput e the cost of heating 100 quarts of water 80 degrees. 
Gas. 
Connect a portable gas-meter in the line from a gas jet 
t o a single-burner gas stove. Place a pan with just 1 
quart of water in it at known temperature on the stove. 
Ignite the gas, and with jet . only partly open, ailow t o 
heat for five minutes. Remove the pan from the stove, sti r , 
and t ake its new temperature. Read the gas-meter. 
4• Compute the number of cubic feet of gas used i n heating 
the water one degree. 
5· Assuming the price of gas as $0.02 per cubic foot, com-
pute the cost of heating 100 q uarts of water 80 degrees. 
Electricity. 
Place just 1 quart of water in a pan. Take its temperature 
and, noting the time to the second, immerse an immersion 
heater, connected to 110v AC for just exactly five minutes. 
Disconnect the heater from supply and remove from the pan. 
Stir thoroughly and record the temperature of the water. 
From the list,ing of the wattage on the nameplate of the 
heater, compute the number of kilowatt hours of current 
consumed . 
6· Compute the KWH used in heating the water one degree. 
7• Assuming the price of electricity at $Q.Q39 per KWH, 
compute the cost of heating 100 quarts of water 80 degrees. 
List these general conclusions ~ showing relative 
expenses involved in heating by these fuels. 
CoJnmuni·o.a tl.on 
Point. To learn the basic means by which telephone, radio 
and TV work. 
. . 
Explanation. Although both radio and television are complex 
and justify long courses of study in details, their major 
principles may be briefly explained as follows: 
Radio. The human ear can hear sounds only between about 
15 cycles per second and 20000 cps. If an audible sound 
looking like fig. a 1 at left, is added 
. to an inaudible ~sound~ looking like 
fig. b 1 at left, the composite wave 
will be inaudible and look like 
fig. c. This new wave can now be 
. amplified to any desired volume level 
and forced out into the air, where 
being inaudible, it travels through long distances without 
n otice. If this composite wave is now treated with another 
wave like (b) 1 wave (b) can be subtracted from (c) composite 
wave leaving the audible (a) wave of the original singerts 
voice. Technically, these radio waves are known as~ (a) voice, 
(b) carrier (c) modulated carrier wave. Each station has, 
of course, a different frequency of carrier wave. 
TV. The human eye 1 and certain phosphors used on the TV 
tube-face, remember what they have seen for a fraction of a 
second. Thus 1 if one pinpoint area of the subject be inspected 
by .a photoelectric cell1 an amount of current will flow 
proportional to the brightness of that area at the 
moment. Therefore, at a distant receiving set, if some 
control mechanism ·oa.n be set to focus a variable amoun·t of 
light on a corresponding area of a screen, the sending set 
current can be used to regulate the brilliance of the image 
of that point. Now, if both sets move simultaneously to 
an adjacent point and again reproduce sinila.r intensities, 
and repeat thi~ process fast enough to travel across and 
down the whole transmission area of vision so fast that 
the spot is back at the original point of light before the 
eye, or tube phosphor, has forgotten the fact that the 
original spot of light no longer appears there, there will 
be an impression of continuous light over the whole screen 
which will exactly reproduce in shades of light the transmitted 
image. 
ProcedUre. Crude Telephone. 
Punch a small hole in the middle of the bottom of two tin, 
can -covers, and, by means of a tightly stretched string or 
wire, knotted just inside the holes, connect the two covers 
at a distance of about 100 feet. These two covers will now 
act, par·ticularly well if wire is the conductor, as excellent 
telephones. 
Self- powered phones. 
Connect two self- powered phones together at any con-
venient distance by means of two insulated copper wires. 
~3[------- -----]~J I ~r ---- - ------- - - ~ \ I 
Notice the clarity and 
volume available. The 
~ . ~ 
circuit is as sketched at 
left. Ask your instructor to explain the use and reason 
for each part. 
Crystal Radio. 
Obtain a cardboard mailing-tube about 2~ in diameter 
and about 6~ long. Upon this tube wind a 90 turn coil of 
No. 28 gauge insulated copper wire so that the turns lie 
next to each other and form a single layer. Obtain a 
variab.le condenser of about .QQ035 mfd 17 to 21 pla tee. 
I 
,Conne~t in a circuit, crystal, 
eat's whisker and phones, as 
sketched. The lower part of the 
condenser sketched is the rotor. 
Polarity of this is important. 
Polarity of the cat~s whtsker and crystal are unimportant. 
Re~tirig~ 
Po!Q~• To investigate and compare the four methods of 
house heating. 
Explanation. The four classes of home heating may be 
grouped in approximately decending order of cost as 
follows : 
Radiant, which is the most even heat of all. 
Steam, which is the fastest to respond to change. 
Rot water, which is probably used more frequently 
than any other . 
Rot Air, which is the cheapest, although very 
difficult for maintaining even temperatures. 
Advantages and disadvantages of each will be discussed in 
class. 
Procedure. Rate of absorption. 
Place the two similar glass- faced boxes, one of light 
beach sand, and the other of dark loam, at equal distances 
from a 100 watt bulb. Record the temperatures initially and 
at the end of one hour, 
1· What difference do you notice ! 
2· Row do you explain this d i fference! 
Rate of Radiation . 
Pour equal amounts of hot water into the black and 
shiny containers. Record the temperatures initially, and at 
the end of each five minutes for a period of 20 minutes. 
3· What difference do you notice ? 
4• How do you exp1ain this difference ~ 
Convection. 
Working as a group, set out the g1ass mode1 of a 
convection heater. Introduce a few ,,crysta1s of potassium 
permanganate and heat the 1ower horizonta1 arm of the 
1oop near one end. 
5• Record and report your observations. 
6· Why are greenhouse g1ass surfaces often painted white ~ 
7• What co1or shou1d radiators be painted for best resu1ts? 
8· Where do you expect to find that cei1ings get dirty 
most rapid1y ~ Why ? 
Point. To determine the advantages and disadvantages of 
leverage. 
Explanation . . 
Levers are classed technically as: 
First class - those where the fulorum. is between. the 
forces as a seesaw. 
Second olass- where the effort and fulcrum are at the 
ends as in a wheelbarrow. 
Third class - those where the resistance and fulcrum 
are at the ends as in a human arm. 
I~ 3L ~ J 
Lever 
of these. 
Procedure. 
In general it is much more 
direct to regard any lever as 
a machine wherein one can gain 
either foroe or distance if he 
is prepared to lose the other 
Balance a meter stick by its clamp at the center. Hang 
a 200 gram weight at the 70 om mark. How much weight at thela) 
·40 om mark and lb)10 em mark is needed to balance the bar! 
1· Put these measured values into the law of levers as a check: 
E :x: ED equals B x BD 
Support the meter stick by the c1amp at the 30 em 
mark. 
--------------------------~, Hang a 500 gram weight at the 10 em 
G.-.tN.S l._os~s 
S c..-evJ Fo~c.e_ ~ISTPitNCE-
mark. Find by experiment how much 
1-tumcu, Ar"' :DI~T" ... NCe. Fo~c6a. 
weight wi11 be needed at the 65 em 
mark to ba1ance the 1ever. Does 
this agree with the 1aw of 1evers 1 Account tor this. 
Assuming that you had a firmly imbedded screw and a 
z• ,. 
choice of three screwdrivers as sketched at 
lett, which one wou1d you select tor easiest 
removal, and why ? 
! 
.Reat mransln.iss:icn 
Point. To study heat transmission and prepare a working 
thermocouple. 
Explanation. Thermocouples are very useful for measuring 
medium high temperatures. They are really measuring the 
current set up between a hot and cold junction of any two 
dissimilar metals, but if the cold junction be kept reason-
ably constant by means of cold water, the ammeter reading 
will be practically proportional to the hot junction tem-
perature. 
Procedure. Place one end of each of the two long iron rods, 
one rough and one polished, in the Bunsen flame. Place 
two or three drops of mercury in each of the drilled holes, 
and after a few minutes' time, insert a 0 to 36QC. thermom-
eter in the successive holes. Continue this testing until 
the temperature at any one hole becomes almost constant. 
Then make careful readings of all temeratures along both bars. 
1. What does this tell you regarding the rate of 
radiation of heat from the two bars? 
2· Should a house radiator be smooth or rough~ 
Build a very small wood fire on a metal plate on the 
stone desk. Now place a 2~ pipe about 1 ft. long directly 
over the flame, in a vertical position, and within 3/4~ of 
the desk. 
3. Does the ,_:flame burn more or less fiercely ! 
4• Explain. 
Try ,,the same test using a 2 ft. section of pipe. 
5· Is there any difference in rate of burning? 
Next rest the lower end of the pipe on the desk. 
6· What happens to the flame? 
7• Explain why this ~chimney~ tails to draw. 
Close all windows and doors to the room. Shut ott any 
ventilators and heating blowers. Now place 20 c.c. of 
alcohol in an uncovered dish at one corner of the room. 
Stationing members of the class in various positions 
around. the room, measure the approximate length of time it 
takes to have the air reach each position. 
8· Explain how this can happen without air currents. 
Thermocouple. Join the end of a 3! copper wire to one end 
of a 3' iron wire. Cut the copper wire at a point 2 ft. 
from this junction and insert a milliammeter across the ends 
of this cut. Join the remaining ends by twisting together 
and immerse this junction in a glass of cold water. Now hold 
the original junction in a Bunsen flame, noticing the 
immediate effect on the meter needle. This device is now a 
thermocouple and is commercially used to measure temperature. 
Using this instrument, compare the temperature of a candle 
and a match flame. 
Heat 
Point. To calibrate an incubator thermometer and to 
prepare a thermostatic element. 
Explanation. 
0 0 
Melting ice is always at 32F or Oc., while 
boiling water, depending upon atmospheric pressure, var·ies 
0 0 
around 212F or 1QOC. Since these points are ~fixed~, and 
do not depend on the amount of water present, they are used 
as standard reference points by which to compare a doubtful 
or inaccurate thermometer. 
Procedure. Calibration . 
Nearly fill a calorimeter with crushed ice and add a 
little water . Stir thoroughly for a few minutes and insert 
the bulb of the thermometer to be tested. 
1 · Report and record the reading. 
Working as a class, set up a boiler, and after the water 
has been actively boiling for at least 30 seconds, immerse 
the bulb of the thermometer. Record the reading of the 
thermometer. Compute the correcton for the true boiling 
point as follows : ( 760 - Barometer reading) x ·03 is to be sub-
tracted from 1oQC to give the actua l boiling t emperature of 
the water. 
2 · Compute the correction tor your thermometer at the 
boiling point. 
By means of rivets, securely fasten two thin bars of 
dissimilar metals together, fastening them in at least ten 
places evenly distributed over the entire area of contact. 
Each student is to make a separate unit for his own later 
use. Fasten one end of this compound bar in a olamp. Plaoe 
a graduated soale aoross the other end and sl.owl.y heat the 
bar by matoh or oandl.e flame. Notice the motion, in both 
direction and extent. 
3 · Toward which metal does the compound bar bend on 
being heated 
Following is a o1rou1t designed to control an electrical 
heating unit by your own thermo -
stat. 
Wol'k 
Point. To determine the relation between the value . ot 
forces pulling straight up with those pulling_at varied 
angles to the perpendicular. 
DJ.rections, In measuring the length of' the plane, measure 
either on top of the surface or below it. Measure the 
height to the same point as that to which the length was 
taken. Tie the string to some point on the car which is 
not rotating, If tied around the axle, so much friction 
will be produced that it will disturb your results , While 
making the reading of the force, be sure the oar continues 
to move, even though slowly. 
Explanat~n. Weight is a force acting only directly down-
ward and the resultant forces possible under slight angles 
show surprising effects. For example, a single person 
exerting a force of about 100 pounds can push a two ton 
automobile along a nearly level road 1 whereas the same per-
son could not possibly lift that same machine, hence, the 
mechanical advanta.ge gained by using an inclined plane 
enables objects to be moved using a force which would not be 
enough to lift the object directly under any conditions, 
~rocedure. Weigh the car, and place in it a 500 gram weight 
calling the total weight the resistance R, Set the plane 
to the 45 degree position. By means of a string tied to the 
car, running parallel to the plane and over the pulley, then 
tied to the hook of a spring balance, determine how much 
+oroe is necessary to keep the 
oar moving slowly up the plane. 
This force is to be recorded as 
E plus F (effort plus. frictio~. 
A second reading, taken as the 
oar moves slowly down the plane 
is .recorded as E minus F (effort 
reduced by friotio'~ The average of these two readings 
will be the true effor~ E. Record the length and height, 
as measured along the scales of the instrument edge. Find 
the mechanical advantage by dividing the length by the 
height. Calculate also the mechanical advantage as found 
by dividing the resistance by the effort. Row do these 
two figures compare? Set the plane to the 30 degree position 
and repeat the measurements, calculating the values as 
before. 
.. . . . ~ . ' ~-
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Point. To show the various methods by which force may be 
multiplied, and to compare the action of' a fixed with that 
of' a movable pulley. 
Directions. In recording the f'oroes as taken from a spring 
balance, be sure the reading is taken while the balance is 
in motion, whether up or down. 
Explanation. Pulleys serve as a convenient method of 
changing the direction of' a force, so that, by pulling down 
an ob ject may move up, and vice versa. In addition, 
combinations of pu1leys, ca11ed b1ock and tack1e, are 
often u sed in constru ction to obtain high mechanica1 
advantages. 
Procedure. Tie a sing1e pu11ey by a loop of string to 
the crossbar of your desk, as in the first diagram. 
Using a weight of 200 grams on 
one side and a spring ba1ance on 
the other, note the amount of 
force needed to keep the weight 
moving up. Record this value as 
effort plus friction. Now, allow 
the weight to move back s1ow1y, noting the reading of the 
spring balance while this is happening. Record the new 
va1ue as effort minus friction. The average of these two 
figures w111 be the true effort. Now stand the meter stick 
vertica11y between E and R. Read the position of both. Move 
the effort a distance of 10 om. and record how far the 
resistance moves during this time. Divide the resistance 
force by the effort force to obtain the mechanioa1 advantage. 
Make a genera1 statement regarding the mechanioa1 advantage 
of a fixed pu11ey. 
Arrange a doub1e pu11ey tied to the cross bar and a 
sing1e pu11ey tied to a 500 gram weight, as sketched in the 
second diagram. Using the same procedure as before, deter 
mine the meohanica1 advantage. 
Arrange two double pulleys, as shown in the third 
sketch. Using a 1000 gram weight as your resistance, 
determine the force and distance concerned. Compute the 
mechanical advantage of this system. 
State the general principles gained by the movable 
pulleys. 
-Capill,aey Act:ion 
Point, To show several effects of capillary action. 
-Explanation. Tillage of soi l . 
Tilling of soil after it rains is an important 
function. Moisture 1 necessary to the solution of plant 
foods 1 will be lost by capillarity and surface evapora-
tion to the sun unless the capillary tubes are made so 
large by tilling1 that water cannot be raised as high as 
the surface. 
Action of a wick. 
Oil stoves and candles require capillary action to 
lift a small amount of fuel to the region of the flame 
where it is vaporized by heat and can1 therefore 1 take 
fire and burn as a flame. Neither kerosene nor candles 
will burn at normal temperatures without a wick. 
Procedure. Size of capillary tubes. 
Place an ordinary drinking straw in water. Compare 
the level inside the straw with that outside . Using glass 
tubing of varying diameters 1 determine the relation between 
the diameter of the tube and the height to whioh liquid is 
elevated. Is it the same for all liquids Try separately 
alcohol and mercury. 
Desert refrigerator. Perishable foods like butter1 
eggs 1 milk and meats can be better protected in the open 
in hot weather by a simple but effective capillary refrig -
era tor. 
Set up a refrigerator as sketched, 
and measure the reduction of tem-
perature obtained. 
Porous water cooler. Set up the cooler as sketched, 
and, comparing the temperature after 
) . 
r---------11 one hour, measure the useful effect of 
the evaporation. 
Water 
lloint -. To discuss principl.es of publ.ic heal.th and sani-
tation in regard to water suppl.ies and waste disposal.. 
Expl.anation. Water auppl.y. 
Stream supply shoul.d be sel.ected from a fast moving 
portion in a cool. section. Filtered protection is possible 
through a barrel with alternate layers of charcoal and sand. 
At _least one yearly anal.ysis by State or local Boards of 
Heal.th is recommended. Pond supply may be safeguarded by 
digging a wel.l. 75 to 100 feet from the shore of the pond, 
going down 10 to 15 feet below the pond level, wal.ling in the 
sides and covering with rocks or a wooden cover. Well 
supply should be on the opposite side of a ridge from the 
sewage disposal. Well should be kept airy, but dark. 
Artesian well should be allowed to run continuously at a 
low rate. Water should always be released from the earth 
into an open pool before being piped to outlets for 
domestic use. 
Sewage Disposal. Cesspool should be kept closed and 
dark to enable bacterial action to dissolve solids. 
Frequent clogging may be caused by grease or kitchen fats 
forming soaps, which prevent solutions from seeping off. 
-
One remedy is to add concentrated sulphuric acid or hot l.ye 
directl.y to the opened cesspool. 
Septic Tank. -Septic o~ Imhoff tank depends entirely on 
bacterial action. It must be inoculated upon being 
placed in service, and may require further inoculations 
if a sudden dose of strong mineral acids or alkalies should 
kill the strain of bacteria present. 
Garbage disposal. Disposal of edible garbage should be 
made, as often as available, direct to the animals or 
fowls being fed. ~Inedible~ garbage, such as coffee grounds 
and egg shells may be given in limited quantities to pigs 
and chickens without harmful effects. 
The garbage cans should be thoroughly steamed or 
boiled out with water at least once each week to prevent 
molds and fungi from contaminating the foods. 
Spoiled foods _ should not be considered garbage and be 
fed to animals, for if the food is bad any animal will be 
inJured. Such foods should be destroyed by burning or 
burying. 
. 1" 
Pumps 
Point. To discuss the mode of operation and proper 
application of the common varieties of fluid pumps. 
Explanation. ~Priming~. 
I 
j 
Most pumps depend on tight fitting valves in order to 
operate. Water is often poured into pumps before their use 
to make those valves fit more tightly, and thereby prevent 
air from flowing past the valves. 
Lift Pump, pitcher type. 
Height of water from level in well 
to valve 1 cannot be greater than 
about 28 feet. 
Lift Pump, deep well type. 
Distance from water in well to lower 
valve can still not be greater than 
about 28 feet. 
Force Pump, for pressure. 
Flow introduced into left valve by 
gravity or low pressure, while flow 
at right can be forced to any height 
required. 
0 
Hydraulic Ram. 
Much more vater must flow down 
channel A through valve B to 
~waste~ than oan be lifted through 
valve 2 to the desired storage or 
supply reservoir. 
Air Ballast Tank tor either Force 
P~p orR~. 
Tank oan be of any size or shape. 
No valve is placed in the lead to 
this tank. 
Centrifugal Pump. 
Water is in~roduoed by gravity or 
air pressure at the center ot the 
rotating ~peller. The blades then 
force water at high pressure out tm 
pipe 1 as sketched. 
o-
Air Pump, bicycle type. 
Curvature of leather piston 
valve is important. If placed 
in position the other way up, pump 
would then be a vacuum pump. 
Gear Pump. 
Positive drive, high pressure, low 
volume pump. 
Rotary Vacuum pump. 
Will pump air or compressible gases 
only, not water. 
Light ; 
~oint. To study the types and forms of light. 
Demonstration. The solar spectrum. 
Explanation. Absorption ranges. 
Most glass does not pass all regions of the spectrum 
equally well. Therefore, for greenhouse use, special glasses, 
or plastics, are available to admit the ultraviolet normally 
excluded by regular glasses. 
Photoflood and photoflash lights. 
Photographic flash bulbs are composed of aluminum wire 
or foil in an atmosphere ot oxygen. When current is applied, 
the aluminum takes fire, and burns with a sudden flash of 
almost white light. Flood bulbs are normal bulbs being run 
at slightly greater voltage than usually. Hence, the light 
is whiter than normal, and filament life is shorter than 
normal. 
Stroboscopic light. 
Rapidly revolving objects can be examined and photo-
graphed easily under a light which is turned on as the object 
reaches the same position in its cycle, and which light stays 
on only a small traction of a second. Such lights make the 
object appear to stand still, allowing tor inspection at high 
speeds. 
Cooper Hewitt, mercury vapor lamps. 
Bulbs tilled with low pressure mercury vapor will produce 
a very low cost bluish light. These bulbs give a ~ghostly~' 
cast to skin, and make any blemishes, and teeth, look 
black. Yet, for inexpensive street or industrial illumination, 
are commonly used. 
Sodium or Calcium vapor lamps. 
'W'hen the alkali metals are vaporized, they glow with a 
characteristic colored light. This fact is used as a test for 
those metals. Sodium and calcium metals are commonly used 
in street lights to obtain a low cost operational lamp. The 
former gives yellow light and the latter orange. One 
serious drawback is their high cost for installation and 
replacement on breakage. 
Fluorescent. 
A modern method of lighting is to convert non luminous 
radiation across an evacuated tube into visible light by 
coating the inner glass surface with certain chemical powders. 
This method is inexpensive, both in installation and operation. 
·Procedure. Effect of temperature on the color of light. 
Decrease the resistance of the rheostat until the color 
of the iron wire changes. Now slowly decrease the resistance 
gradually, noting the change in color as the temperature 
changes • . · Optical pyrometers are instruments designed to 
indicate temperatures by measuring the color int ensity. 
Effect of color of light on intensity via the photo 
electric cell. 
Successively placin g the three color filters between 
a source of light and the Weston Photronic cell •eonnected to 
a microammeter 1 determine to ~hat color of light this 
cell is most sensitive. 
Incandescent light bulb efficiency for light and 
heat. 
Immerse only the rounded end of a lighted bulb in a 
measured volume of water at an exactly known temperature 
for exactly five minutes. Stir, and measure the newly 
attained water temperature. Compute the efficiency of the 
bulb 
a. As an heating appliance , 
b. As a light source. 
~ 
. 
Strength - of- Ma.terfals · alid ; Pr.1nc1.p:les . of Construction 
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Point. To find what shapes and positions of members and 
girders will give greatest support in construction. 
Explanation. Notice the principle of rigid resistance 
as against that of shook absorber ~give~. 
1. Why is a fireman ·Js net flexible, and supported by 
men? 
2· Why not have a steel floor in the fire truck for a 
~'net~·? 
3· Why is a glove used in playing baseball? 
4 • Should a bumper on a vehicle be made of cast iron, 
steel, or wrought iron? Why? 
Procedure. Flat paper. 
Support a 6~ piece of fiat paper by 2~ of one end • 
.How much weight '\dll the other end support before folding ? 
Rolled paper. 
Roll that same paper into a 1~ tube and support it 
across the two surfaces 8~ apart. What weight at the 
center will it now support before failure Repeat at 
4~ span and at 2~ span. 
Pine stick elasticity under load. 
Support a pine stick by 4~' at one end. Suspend weights 
at the other end until that end moves down one inch. Hou 
much weight is required No"' repeat, with the stick rotated 
90 degrees. How much weight is required n o1., '? 
-·-
Principle of a triangular truss. 
Using two more pine sticks to form a triangle clamped 
at each corner and supported at one apex1 measure the l oad 
the free apex will support before moving one inch. 
Principle of suspension cable angle. 
Suspend a 500 gram weight by means of a wire and a 
spring balance as sketched. Measure the amount of force 
needed to hold up the weight at the 
balance pulls 
a. Vertically. 
b. At 45 degrees. 
c. Horizontally. 
Ref'risera -t~i.on • 
Point·• ' ·-·. '1'.0 study three means o:f transferring heat. 
Explanation. Quick :freeze principle. 
Vitamins and hormones are destroyed at ordinary roo• 
temperatures in a few days. But, if fresh foods can be 
quickly frozen these necessary regulatory factors can be 
maintained almost indefinitely. In this operation, the 
water in the cells of the food has, of course, frozen, and 
in so doing .has expanded, breaking open every cell. 
Therefore, on thawing, the food should be immediately used 
as t he broken cell tissue will offer little resistance to 
spoilage and contamination. 
Procedure. Ice Chest. 
From the classroom explanation of the operation of the 
.Ic.e. 
ice cheat, explain why:' 
1. Wrapping the ice in newspaper to make it 
last longer is not good policy. 
2· Placing the food in the upper compartment 
to be more easily reached, with the ice in 
the lower one, would not be good policy. 
Mechanical Refrigerator. 
From the classroom explanation of basic refrigeration 
principles, notice the applications to the following~ 
Gas Refrigerator. 
a. Quick freeze chambers. 
b. Ice Hooky rink freezing. 
c. Room air conditioner units. 
l.Could you cool your house in 
summer by leaving the door of 
the refrigerator open? · 
Stir and measure the temperature of a bea~er of water. 
Now add 1 pound of photographers' Hypo, 
(sodium thiosulphat1. Stir and again 
measure the temperature. This 
principle of heat of solution explains 
the basic operation of a gas refrigerator, 
to be explained fully in class. 
• 
The Automobi~e 
.Point, To learn the purpose of clutch1 transmission, 
carburetor and differential • 
Procedure. Notice class explanations of the following~ 
Clutch1 dry plate 
separation effected 
by pedal action. 
Fluid type clutch 
no separation possible, 
Transmission1 gears, 
Planetary type, with centrifugal engagement. 
Synchromesh, with manual choice of gear ratio, 
There are several shafts to enable constant mesh, 
Hydramatic, a com:Pination of centrifugal control with 
synchromesh gear selectors. 
Carburetor. 
updraft type, 
single nozzle, 
Differential 
spur and hypoid type. 
E le, ctr::tc1. ty 
~oint. To study several applications of electricity 
to farm practice. 
Procedure. Electric Fence. 
Rotate the Wimshurst Machine with Leyden jar 
connections both connected and disconnected. Place your 
finger between the two discharge poles. Notice the 
sharp prickling sensation, yet harmless effect of 20,000 
volts at very low amperage. 
Lightning rods. 
Bring variously shaped objects near either charged pole 
of the Wimshurst static machine. To what shaped object 
will a spark jump farthest~ Mark as safe or unsafe the 
following conditions in a thunderstorm. 
1. In a low cottage among other higher houses. 
2• Under a tall lone tree in an open field. 
3• Under a small fir tree in a pine grove of large 
trees. 
4• Standing up, waist deep, in a swimming pool or the 
ocean. 
5· In a flying airplane. 
6· In a modern automobile. 
Fuses. 
Using the circuit provided, measure the amount of 
current needed to break the circuit at the fuse, using 3, 
5, and 10 amp. fuses. 
7• Why is replacing a burned out fuse by a penny 
dangerous ~ 
Magnetic iron. 
Using a bar-magnet and passing current through an 
iron wire at three levels of current, (<..a;) none,(!>~ small 
so that the wire is still black, and~~ larger with the 
wire red in color ) 1 determine the magnetic properties 
of the wire . Make a general statement regarding the 
facts you have found out. 
Heater. 
Wrap a 5 foot length of nichrome wire around a porce-
lain tube. Connect it 1 through a rheostat and ammeter to 
110v A. c. Increasing the current to not more th~n 5 
.. " amperes , notice the heating effect of your _toaster_ . 
Magne ti~&m. 
Point. To investigate natural and electromagnetism. 
Explanation. The operation of a circuit breaker. 
common application of 
solenoid to limit flow 
of current in own eir-
cuit. 
Procedure. Making a magnet. 
Test a darning needle for magnetism by holding it near 
a compass needle. Will it repel either end? Now magnetize 
the darning needle by stroking it, always in the same 
direction, with the end of a known bar-magnet. Now, test 
it again with the compass needle. 
1. Result. 
Destroying a magnet. 
Place the newly magnetized darning needle on the table 
and strike it a few blows sharply with a hammer. At the 
point of striking, test with the compass needle. Bas this 
Jarring destroyed the magnetism at that pointJ 
Magnetic field around two magnets. 
Placing two bar~magnets as shown, sift iron filings 
from a height of at 
N S N IV N least one foot onto 
a piece of paper 
s s s covering the magneta. 
b. "· Sketch the field 
shown on the paper. Repeat for the other two positions 
as shown. 
Electromagnetic solenoid. 
Connect the large vertically wound coil of wire to 
a source of DC. Bring the iron object near the oore of' 
the coil. This action noticed may easily operate a 
switch to further control some electric current at remote 
distances. 
Now connect the same coil to a source of' AC. Bring 
an aluminum ring near the core. What happens? This 
force, again, is sufficient to throw switches or other-
wise operate further circuits remotely. 
Ligh:t:1ng 
Point. To learn methods of remote and multiple control 
ot electrical circuits. 
Procedure. Switches. 
Why break both sides of a power line? 
One side of every power 
supply is always already 
grounded. -Note class 
explanation of principle. 
Time delay1 momentary overload switches • 
• ll?icip 
Dimming circuits. 
Remote control relays. 
c:=::=-, c · ~X-----~~2. 
~----~· 
Three wire, two way switches. 
I 
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Point. To discuss useful procedures in the operation and 
protection of farm machinery. 
Procedure. Tractor ••• steady vs. snapping pulls. 
Notice the class explanation of FT equals MV. Forces, 
if the. chain or cable can stand it 1 are much higher on a 
sudden snapping pull. .After the object is once in motion, 
a steady pull is strongly advised. 
Wagon ••• Force forward at the top of a. stuck wheel. 
Note class explanation. 
Traction on ice ••• rolling vs. standing or sliding 
friction. 
Traction of prime movertire on ice is best at low forces. 
Thus ~highest~ gear available is the best to gain the most 
traction, allowing the clutch to slip, as needed. 
~ainting of metals. 
Metals will rust and corrode unless protected. If metal 
is on or near a bearing surface, it should be kept constantly 
covered with oil or grease. If not on or near a bearing, it 
should be kept painted. 
.Protection of wood. 
Wood quickly rots if wet, but if kept free of water, 
will last for a long time. Best methods of preventing 
penetration of water include 
1· Painting of exposed surfaces. 
2· Oiling of all surfaces. 
3· Keeping the wood dry by all possible means. 
Point. To discuss the types of engines. 
Steam. 
Z-Oycle, internal combustion. 
1· Will run backwards at 
same speed as forwards. 
2· Uses no gears for speed 
changes. 
3• Very low in efficiency. 
4. Is reciprocating, hence 
wears rapidly. 
.• ! 
' 
EngHieS:~ 
Point. 
Steam. 
To discuss the types of engines. 
Z-cyc1e 1 interna1 combustion. 
4-cyc1e 1 1nterna1 combustion. 
1· Wi11 run backwards at 
same speed as forwards. 
2· Uses no gears for speed 
changes. 
3• Very 1ow in efficiency • . 
4• Is reoiprocating1 hence 
wears rapid1y. 
1· W111 run backwards at same 
speed as forwards. 
2• Uses no gears for speed 
changes. 
3• Medium 1ow efficiency. 
4• Easi1y portab1e. 
1· Wi11 run in on1y one 
direction;. . 
2• Requires gears for speed 
changes. 
3· Medium high efficiency. 
4• Heavier and more stab1e. 
5, Has 1arge number of moving 
parts. 
Diesel. 
Is either 2 or 4 cycle as above 1 with 
a. Heavier walls and greater pressures. 
b. No internal sparking devices. 
c. Higher efficiencies. 
Gas Turbine 
Ram Jet 
1· Runs in only one 
direction. 
2• Must run at high speeds. 
and pressures for stability . 
3• Operating tempera tures 
are high. 
4• Gears needed for use . 
5· Very efficient 1 a t these 
high speeds. 
1· Runs i n only one direo-
t1on. 
2· Must attain high speed 
before igniting jet. 
3• Operating temperatures are 
high. 
4• No gear train used. 
5· No moving parts at all 
6· Medium efficient at high 
speeds only1 uses fuel at 
high rates of speed. 
Point. To practice three applications of practical 
mathematics. 
Procedure. Height of a tall object. 
.~ ~J 
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Width of a river. 
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Measure the height of a flag-
pole in front of this building, 
using the technique explained 
by your instructor. 
__!_ equals l!_ · and H equals D x h 
D R' d 
From point 1 across 
river from an observable 
point 6, walk any number 
of steps, place stake at 2· 
Continue to walk the same 
number of steps to 3, turn 
and walk away from river 
until stake 2 and object 
across river 6 are in line. 
Distance 3 to 4 is then 
the required distance. 
Using this method, measure the distance between the flag-
poles. 
Time ot night by the stars. 
Make a star clock as 
directed by your instruo-
tor. Later, determine 
the time ot .night bT 
applying this instru-
ment to use. 
CHAPTER V RECAPITnLATION of PURPOSE 
Recapitulation of Purpose. This series of forty experi-
ments in agricultural science is designed to: 
1· Stimulate scientific curiosity. 
2· Stimulate an inquiring mind through both additional 
kno¥7ledge and practice in the scientific attitude. 
3· Present a thought-provoking over view of certain 
scientific principles as applied to agriculture. 
4• Promote a greater degree of proficiency in manual 
skills and technique of handling experimental apparatus. 
5· Provide some practice in methods of attack in problem 
solving situations. 
6· Indicate means by which the health, safety, comfort, 
knowledge and skill of the student may be raised to higher 
levels. 
Values. This series of experiments may, for each reader, 
contain one or more new applications of the basic principles. 
There may also be different approaches to various ~'standard 
~ubjects~. Where even only one such new application or 
approach is discovered, the gain in interest to both the 
instructor and student may well justify the value in the 
entire seri~s. 
The prime criterion of value is, necessarily, measured 
by student interest and progress in the experiments. This 
latter progress will depend, in large measure, on not only 
the textual material herein presented, but also on the 
enthusiasm, interest, activity and attitude of the instructor. 
It is hoped that this set of experiments will act as an 
aid to bolster the instructor in a field of work in which 
very little similar material appears to be available. 
Recommendations for further study. 
1· Due to the extreme scarcity of laboratory manuals in 
agricultural science, there seems to be needed a detailed 
and critical analysis of these (and any other) agricul-
tural science experiments. They may well be evaluated 
separately, on an item analysis basis, after several years 
of use, to determine changes in content, arrangement or 
topic needed to produce better effects. 
2· Science is progressing at such a rapid pace that 
revisions due to changes in topical importance should be 
made at intervals of not more than five years. 
3· ·New applications and/or unusual methods of presenta -
tion of these or allied principles should be sought, and 
included when found. 
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